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DESCRIPTION AND USE OF THE TEPHIGRAM 


For a number of years it has been felt necessary to 
develop a method of plotting meteorological data on a 
thermodynamical basis. The common method of por- 
traying the physical state of the atmosphere by es 
temperature or pressure against height is not very we 
suited for scientific thermodynamical discussions. 

As early as 1884 Hertz gave a graphical method for the 
determination of the adiabatic changes of state of moist 
air. He used a double series of adiabatic lines, one 
series for saturated air, the other for unsaturated or dry 
air, to trace the behavior of air containing any given 
amount of water vapor. Neuhoff, a little later, elab- 
orated on the method of Hertz and introduced an adia- 
batic chart which is now called the Neuhoff diagram. 
This diagram consists of a ground work of adiabatic 
lines for dry air and reversible adiabatics for saturated 
air, referred to temperature and the logarithm of pressure 
as coordinates. 

Sir Napier Shaw has long studied the thermodynamical 
properties of the atmosphere. He was one of the first 
to see the advantages of the Hertz and Neuhoff diagrams. 
He carried his investigations stili further. While on a 
Neuhoff diagram it may be ascertained whether the 
atmosphere on any specific occasion as defined by the 
observations from an airplane flight or registering balloon 
is in stable equilibrium or not, there is no means by which 
an estimate may be made as to the consequences which 
will result from the departure from the conditions of 


equilibrium. To make such an estimate possible it is ° 


necessary to have a diagram with coordinates by which 
energy can be represented. From these considerations 
Shaw finally devised a method of plotting upper-air 
data in the form of a curve, which he has called the 
oo gp This curve is plotted on squared paper on 
which the ordinates represent entropy (¢) or the loga- 
rithm of potential a (6) and the abscisse 
absolute temperature (T). Total entropy of moist air 
includes the omens. of dry air and wt that of the 
water vapor. On this diagram dry air alone is regarded 
as the working substance and any moisture carried along 
is regarded as a reservoir of latent energy which is 
realized when condensation takes place, all other effects 
of water vapor are neglected. Only this realized entropy 
is shown; loss of water and the latent heat of conden- 
sation are for by increasing the realized 
entropy of the dry air. 

With the above coordinate system, any area measured 


represents work, or {Td¢. By means of a planimeter 
this area can be measured and its actual numerical value 
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in energy units computed. Since entropy, ¢, is propor- 
tional to the logari of potential temperature, 4 


log 0+ K, 
Shaw found it more convenient to work directly with 


entropy. Entropy is found from the equation 
T 
log 7, 10g 5 = C, C, log +500" 


the entropy being measured with reference to the point 
100° A., Po = 1,000 millibars. 

From the last equation Shaw has computed tables for 
the entropy using the following constants: 


C, =0.2417 X 4.18 x (10)’ c.g. s. units 
=1.40. 


By using the temperature in C° and pressure in milli- 
bars as given by the recording instruments, the entropy 
can be conveniently and rapidly found. 

Below is a brief description of a temperature-entropy 
diagram (fig. 1) with a short résumé of the equations 
from which the various lines shown on the diagram may 
be computed. Horizontal lines, being lines of constant 
entropy and constant potential temperature, are dry 
adiabatics. Vertical lines are isotherms. The lines of 
equal pressure slope downward to the right and can be 
computed from the equation of entropy, 


T R Pp 
¢=(C, log T, m 
where 7, is equal to 100° C. and Po is 1,000 millibars. 
The saturated or irreversible adiabatics curve upward 
to the right, legen becoming parallel to the dry 
adiabatics in the lower pressure regions. These lines 
are computed from the equation 


0, log r-= log p +0.622 K, 


which is similar in form to Poisson’s equation with an 
addition to take care of the water-vapor content. These 
lines are really the so-called pseudo adiabatic lines in 
contradistinction to the true or reversible adiabatics. 
That is, the water vapor is condensed and falls out as a 
mass of air is cooled, and the amount precipitated can 
be actually determined by means of the water-vapor 
content or so-called saturation lines. The dotted lines, 
nearly gos gs ig to the isobars are lines showing the 
number of grams of water vapor which will saturate 
1 kilogram of dry air. These lines are drawn from the 
equation 


(q=specific humidity) 
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in which « is the specific gravity of water vapor with 
reference to dry air and is taken as 0.622, e,, saturation 
water vapor pressure, b the barometric pressure. The 
amount of water which has been condensed and precipi- 
tated can be ascertained by noting the differences between 
the index of the saturation line through the point at 
which saturation was reached and that of the saturation 
line through the final position of the tracing point. 

A tephigram as previously defined is the curve plotted 
on the temperature entropy diagram showing the actual 
observed conditions of the atmosphere. Once the coor- 
dinates are obtained, it is a simple procedure to plot in 
the curve. The interpretation of this curve is by no 
means difficult. If moisture did not exist in the atmos- 
phere the plotting of upper air data and reasonably 
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saturated air and it will be seen since the line AF is 
everywhere to the left of the tephigram AKCDF, the 
rising air will,be warmer throughout than its environ- 
ment. It will, therefore, have buoyancy and be capable 
of doing work as it rises. When the area lies above the 
tephigram it is called positive area and represents ener 
available for producing convection and instability, goed 
in turn gives rise to thunderstorms and other weather 
disturbances. An area below the tephigram, as AKB, 
is called negative area and represents stability, since 
spontaneous ascent of the air in this case is not possible. 
An explanation of this area will be given later on. 
Spontaneous ascent of saturated air can occur only in 
regions where the saturation adiabatic through the start- 
ing point keeps on the warm side of—that is, above—the 


209 /6g 12g 8g 49 29 1g 
Vs Z i aS 41.8 
< ] |! pis. 
290 285 280 275 270 265 260 255 250 245 a 


Figure 1.—Sample tephigram; for the sake of simplicity the temperature and entropy lines have been omitted 


correct deductions therefrom would be quite simple. 
But moisture is as important as lapse rate in all considera- 
tions of stability. Therefore, it is necessary to indicate 
the water content of the air if the diagrams are to be of 
any practical value. This is done by plotting a curve of 
dew points in connection with the tephigram. 

To illustrate the foregoing, a sample tephigram is 
shown on Figure 1. The changes of temperature and 
entropy from the surface to the highest point reached in 
the troposphere are shown by the curve AKCDFG, the 
tephigram. If the air at the point marked A were 
saturated, the energy which would be liberated as one 
kilogram of air rose pseudo-adiabatically from A to F is 
indicated by the whole area shaded on the diagram. 
The upper boundary of the area is an adiabatic line for 


tephigram. This implies instability for saturated air. 
A deviation of the tephigram upward from the saturated 
adiabatic indicates stability for saturated air. Spon- 
taneous ascent of dry air can occur only in regions where 
the graph of the sounding slopes downward from the 
horizontal, implying instability for dry air, that is, a 
super adiabatic lapse rate. Stability is indicated by a 
deviation of the tephigram upward from the horizontal. 
Temperature inversions are shown by deviation of the 
tephigram to the left of the vertical, and isothermal 
regions by no deviation from the vertical. 

he method of plotting humidities is to plot the dew 
anes as well as the air temperature on each pressure 
ine. On the diagram (fig. 1) ‘‘A’”’ shows the tempera- 
ture 292° at 990 millibars pressure and ‘‘a” the dew 
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point 289° C. A. at the same pressure. After having 
compared several diagrams, the length of the line Aa 
gives an indication of the dryness of the air. This 
method shows the variations of humidity throughout an 
ascent, but it does not appear suitable for the study of 
the energy available in a mass of air rising from a par- 
ticular layer. Such a curve of dew points is called a 
depegram, and on the figure it is represented by the 
dotted line ‘‘aked.” 

Mr. J. S. Dines has put forth an alternative plan; that 
is, to calculate the weight of water vapor per kilogram 
of dry air present at the level, A. Through A draw a 
horizontal line to B. This point B marks the tempera- 
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(negative area). During its course along KED it will be 
warmer than its surroundings, rise of its own accord, and 
will do work, liberate energy, as indicated by the double 
hatched area on Figure 1. This area then is the measure 
of the available energy. By this method of plotting, in- 


stability of the atmosphere may be studied. It makes it 


plain where large quantities of energy would be available 
if the air were saturated, whereas in conditions actually 
existing due to the fact that the air is not completely 
saturated, the available energy is greatly reduced, often 
becoming negative. 

The area bounded by the tephigram and the adiabatic 
followed is a measure of the convective energy that can 


A Wind diagram is Shown at X 


Fiaure 2.—Computation of height by means of the pn, The horizontal shaded area extended to absolute zero by the continuation of the 800 and 1,000 millibars iso- 
bars represents the change of geopotential from Ato B. The area vertically hatched, extending from the T¢ gram, A-B, to absolute zero, is a measure of (7. dé 


ture at which this calculated weight of water vapor is the 
saturated content of the air. The water vapor content 
lines on the diagram make the plotting of the point B 
easy. Actually, the above process simply illustrates the 
path of a moving particle of air. It starts from some level 
where it is not saturated, rises along the dry adiabatic 
until it becomes saturated (at B), and from there con- 
tinues along the wet adiabatic; that is, in the rain stage. 
(Sir Napier Shaw has pointed out that in the application 
of thermo-dynamics to practical meteorology the snow 
and hail stages may be omitted.) During the first stage 
ABK, the air will be colder than its surroundings and 
work will have to be done on the particle to raise it 


be made available through a displacement of the kilo- 
gram of air considered. In the accompanying graphs 
positive areas are shaded red, negative areas, blue.” 
Height can also be computed by means of the ¢7- 
diagram as shown by Sir Napier deawe in the following 
manner. The geopotential of a particle, from which the 
altitude is easily derived, is the energy required to lift 
it against gravity to its position. Therefore the problem 


is simply that of finding the value of i g. dz ' 
Let E be the geopotential at any height. 


2 In order to avoid the necessity of printing in two colors the positive areas in red 
are printed in solid black and the negative areas in blue are shaded. 
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dE=q . dz 1.01 X 10’ X 10.6 = 10.706 X10’ ergs. Cp=1.01 X10’ 
dp = — gpdz = 1,070.6 g. d. m. 
dp= — pal 
—dp RT —RT The total height =1,070.6+766=1,836.6 geodynamic 
dE= > mm =™ d(log p) meters. To obtain height in meters Bjerknes’ tables are 


From the definition of potential temperature (@) it 
follows that 
mCp 


log po—log gatas flog @—log T] 
Po =constant standard pressure 
dog p) [dog —d(log 7)] 


Thus, 
dE=TC ld(log 6) T)] 
E=fT.Cp d(log 6)— Cp fdT 
But, 
o=Cp. log 6+ K 
do=Cp . d(log @) 
Therefore 


T, = temperature at level from which Fis counted. 


FicureE 4.—Drexel, September 5, 1917, 2:51 B. m. Onthis diagram energy areas are given 
both with respect to a kilogram of air from the surface layer and with respect to a 
kilogram of air originating at a, as shown by difference in shading 


J Tdo=energy in c. g. s. units represented by the area 
bounded by the tephigram and line of 0° A and two hori- 
zontal lines ¢) and ¢;. (This is the energy communicated 
from the outside.) Cp(T,)—T;) is the energy in ec. g. s. 
units which is taken from the material of the rising mass 
on account of change in temperature. This is energy 
contributed from the material itself. Z, the total amount 
of energy involved in the process, which can also be 
measured on the diagram by the area bounded by the 
tephigram and the pressure lines through these points 
down to 0° A, is calculated as follows. 

Consider in Figure 2 two rere on the tephigram A 
and B. To calculate the height between these two points 
we first get the value of /7d¢ by measuring the area on 
the diagram bounded by the curve AB and vertical line 
through 0° A and the horizontal lines ¢, and ¢, by plani- 
meter or counting the squares. This area equals 383 
square centimeters. The diagram is so constructed that 
1 square centimeter=2X10° ergs. 383 X2X105=766 x 
10° ergs =766 geodynamic meters. To obtain the other 
component C,(7,-— 7) from A to B, we need only know 
difference between these two points 

10.6° C. 


used and for latitude 45° N. the result is 1,875 meters. 


To make the diagram complete there is still to be added 
a means by which the velocity and direction of the wind 
at the various altitudes may be represented. This is 
done by means of what Shaw calls the ‘clothes line” 
diagram. Since we usually think of an increase of 
altitude as a reduction of pressure, and since the isobars 
run nearly at an angle of 45° with the diagram, a line at 
approximately right angles to the isobars will well illus- 
trate a vertical. On this line at the heights desired, the 
wind vectors are placed. Using a scale of 1 mm.=1 m. 
p. s. and the vectors laid with north toward the top and 
east toward the right on the diagram, a convenient 
graphical representation of the wind at any altitude may 


600 mb. 


FicurE 5.—Drexel, September 5, 1917, 4:50 p. m. On this diagram energy areas are 
given with respect to a kilogram of air from the surface layer and with respect to a 
kilogram of air originating at a, as indicated by difference in shading 


be shown. Such a “clothes line” diagram is shown on 
Figure 2 at X. 

he most important use, however, of the temperature- 
entropy ve oe is the representation of the upper air 
by means of the tephigram. While the other additions 
are important and satel and should be represented for 
future use, they would take too much time to compute 
for immediate use. The tephigram on the other hand, can 
quickly and easily be made. ‘To show that it is a valuable 
aid to forecasting is the purpose of the following discussion 
of certain weather conditions in the United States. 


II. GENERAL DISCUSSION 


The principal practical use to which tephigrams may 
be put is that of local forecasting. From a study of 
numerous ye ei. rie indicating available energy it 1s 
found that they may be divided into two broad types; 
(a) frontal type, that is those which give an indication 
of the approach and peenes of a boundary between 
different air masses, and (b) convective type, those which 
show a pure convection type of disturbance within 4 
homogeneous air mass. 
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These broad divisions were made by analyses of the 
optic charts in conjunction with the tephigrams for 
the same periods. As an example of the frontal type 
the series of graphs from Drexel (Nebr.) beginning with 
the 5th of September, 1917, 7:16 a. m. is used. (Figs. 4, 
5, 6.) The morning ascent (not reproduced) shows a 
very stable atmosphere to great height; the depegram 
shows low relative humidity. By 3 p. m., as graph 4 
shows, a region of conditioned instability had developed 
at a height of 840 millibars, with a remarkable increase 
in humidity. The small positive area at the surface is 
due to surface convection, but that at the height of 750 
millibars can be due only to the bringing in of a new air 
mass. It may be remarked here that when a tephigram 
becomes more or less horizontal with a marked angular 
shift (which indicates a steeper lapse rate, that is, an 
abrupt change to instability) at some higher level above 
900 millibars, it seems to be an indication of some frontal 
disturbance. At least this conclusion seems justified 
from the present study of tephigrams. By 4:50 p. m. 
the positive area had increased, although at a greater 


altitude. The positive area due to surface heating had 


Figure 6.—Tephigram, Drexel, Nebr., September 5, 1917, 6:50 p. m. 


also increased. At 6:50 p. m. the surface convection had 
ceased and the atmosphere up to 800 millibars was quite 
stable. But now the positive area aloft has increased to 
a remarkable extent and some strong disturbance could 
be expected. At 10:45 p. m. a thunderstorm passed 
over the station. 

As a good example of the convection type, the graph 
of an airplane ascent made at Anacostia, D. C., on the 
morning of August 2, 1928, at 10 o’clockis used. (Fig. 9.) 
Here the outstanding feature is the enormous positive 
area extending from the surface upwards. The tephi- 
gram shows no leveling off, but is more or less a curve 
with a constant slope. That is, there is no abrupt 
change in the lapse rate. Also there is the marked 
superadiabatic lapse rate at the surface. The depegram 
follows the general form of the tephigram which is also 
another characteristic of this type of disturbance. A 
thunderstorm occurred on this day at about 4 p. m. 


III. INDIVIDUAL DISCUSSION OF KITE ASCENTS 


Under this heading each series of ascents will be dis- 
cussed separately. First, will be taken those tephigrams 
which show frontal disturbance and last, those which 
show the convective type. Between the two is given an 
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example which appears to be a combination of the two 
types. 

he synoptic maps for the 7th and 8th of May, 1918 
do not indicate to any great extent what the weather 
conditions will be in the neighborhood of Drexel. From 
the tephigram for the 8th of May at 8:57 a. m. (fig. 12) 
with the sudden change from the stable lapse rate to the 
very steep one above 900 millibars accompanied with 
increase of relative humidity, one could see the first 


FIGURE 9.—Aerograph flight 111-28 Anacostia, D. C., August 2, 1918, 9:56 a. m. 
approach of the over puto cold air. Even at the 


ground a kilogram of air would possess a certain amount 
of positive energy, as is shown by the full shaded 
area, while by considering a kilogram mass of air at the 
890 millibars level, the positive area is tripled. From 
the tephigram alone one could expect thunderstorms 
and other disturbances following the passage of a cold 
front. The thunder was heard at 11 a. m. indicating the 
eporoenn of a squall line. Thunderstorms occurred in 
the afternoon of May 8, and also the morning of the 9th. 
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FIGURE 12.—Drexel, May 8, 1918, 8:57 a.m. On this diagram energy areas are given 
with respect to a kilogram of air from the surface layer and with respect to a kilogram 
of air originating at a 


* * * * 


The graphs for Drexel on June 11 (figs. 13 and 14) are 
good examples of the appearance of tephigrams when cold 
air is brought in at higher altitudes. The graph for6:21 
a. m. shows great stability from the ground to 900 
millibars. From 900 to 800 millibars the lapse rate has 
become steeper than that for saturated air, but the water 
vapor content has not increased to any great extent, and 
the relative humidity is still quite low. At 800 millibars, 
however, the air becomes very unstable, the lapse rate 
changes abruptly to the superadiabatic, and the relative 
humidity increases rapidly. This implies a different air 
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mass in this upper region, which is borne out by an inspec- 
tion of the synoptic maps for this period. A cold front 
is approaching and this is an indication of overrunning 
cold air. 

The graph for noon of that day shows a small positive 
area above 600 millibars. This area itself would not 
indicate any great disturbance, but here we must rely on 
our previous knowledge of weather sequence following 


500_mb. 


Ficure 13.—Tephigram, Drexel, Nebr., June 11, 1918, 6:21 a. m. 


Thunderstorms could be safely 
At 6:23 p. m. the 


such weather conditions. 
predicted as well as cold front rains. 
squall line was observed approaching. 
* * a * * 
The series beginning with April 1, 1918, 8:03 a. m. at 
Drexel (figs. 15 and 16), depicts the bringing in of cold air 
between the Ist and 2d of April. Graph 15 shows great 


500 mb. 


FiGURE 14.—Tephigram, Drexel, Nebr., June 11, 1918, noon 


stability in a homogeneous air mass. On April 2 at 
noon (fig. 16), although there is a positive area at the 
ground, the real significant point is the superadiabatic 
lapse rate at 820 millibars. The curve of dew points 
follows in general the tephigram until 820 millibars, 
where the relative humidity begins to increase with 
altitude. From such a tephigram one could expect the 
weather which would occur with the approach and 
passage of acold front. Rain, turning to sleet, and thun- 
der followed shortly after this graph was taken. 
* * 


* * 
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At Ellendale on May 30, 1918, the tephigram for 9 
p. m. (fig. 26) showed stability from the surface to 700 
millibars. At that point there is an abrupt increase in 
humidity and the lapse rate becomes superadiabatic. 
This, as has been shown, would indicate a new air mass 

49 
700 
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FiGcurE 15.—Tephigram, Drexel, Nebr., April 1, 1918, 8:03 a. m. 


being brought in aloft. Although no thunderstorms 
occurred in the vicinity of Ellendale, lightning was 
observed in a distance. 

The next morning, however, there is a remarkable 
change in the structure of the atmosphere. As the 


synoptic maps show, a southerly current has been 
brought in and as the tephigram shows (fig. 27), this 
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FiGuRE 16.—Tephigram, Drexel, Nebr., April 2, 1918, 11:59 a. m. 


mass extends from the surface to high levels: The great 
instability shown on this graph, May 31, 1918, is caused 
by convection, and the thunderstorm which could easily 
be forecast, occurred at 5 : 30 P- m. : 

This series is an example of convection coupled with 
the instability of a new air mass brought in giving rise to 
thunderstorms. 


* * * * * 
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The tephigrams heretofore considered have been the 
frontal type, with one example of a transition type in 
which convection has played an important part. The 
remainder of the discussion will concern a few cases 
which show the instability caused solely by convection. 
The first one here discussed, that of Drexel (fig. 34), 
on August 16 at 8:25 a.m., is an excellent example. 
The tephigram shows a moderate amount of positive area 
at the surface extending up to 900 millibars. From 900 
to 750 the air is stable and an area of negative energy 
exists. Above this there is positive energy. It is 
reasonable to assume on the basis of experience that a 
thunderstorm will occur during the afternoon. At 2:15 
p. m. a tephigram shows that the negative area has been 
wiped out completely, so now we can expect a thunder- 
storm in the very near future. At 2:30 p.m. one was 
forming to the northwest. Since in forecasting at least 
a 6-hour forecast should be made, the tephigram of 
2:15 p.m. (fig. 35) would not be of much use. However, 
in this case from Figure 34 there is hardly any doubt, as 
said above, but that a thunderstorm would occur in the 
afternoon. 


FicurE 26.—Tephigram, Ellendale, N. Dak., May 30, 1918, 9 p. m. 


At Ellendale on June 6, 1918, at 8:12 a. m., a tephigram 
(fig. 39) shows instability in the lower levels with a 
marked temperature inversion below 900 millibars. The 
positive area near the surface appears to be a little above 
normal for the time of day, but above this there is only 
negative area extending up to about 540 millibars showing 
a stable stratification at high levels. The weather re- 
mained clear all of that day and night. The following 
day shortly after noon a tephigram (fig. 40) has very much 
the same characteristics near the surface with an inver- 
sion just above 900 millibars. Above the inversion there 
is a small amount of positive area showing that conditions 
are more favorable for some form of weather disturbance. 
At 5 p. m. the same afternoon, there was thunder and 
lightning to the south of the station, and the next day 
there was a thunderstorm at the station itself. 

* * * * * 


On August 20, 1918, at 1:05 p. m. at Drexel, a tephi- 

am shows a normal moderate amount of positive area 
in lower levels with instability due to surface heating. 
From 850 to 750 millibars the air became stable, giving a 
negative area for this region. Above is positive energy 
extending to the top of the curve. Conditions appear to 
be favorable for thunderstorms sometime later in the 
afternoon or night. A tephigram (fig. 46), plotted from 
data taken the next mornirig, shows positive area at the 
surface and at high levels, with negative area in between, 
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and a marked inversion from 920 to 880 millibars. At 
3:55 p. m. that afternoon a tephigram (fig. 47) shows 
that the inversion has been wiped out through increased 
surface convection and the negative area greatly reduced. 
From this we can assume that conditions are favorable 
for a thunderstorm in a few hours. About 6 p. m. one 
occurred 8 miles away. 


IV. CONCLUSIONS 


The conclusion which we have drawn from the present 
study of tephigrams is that they are valuable aids in 
making short-range forecasts. There is hardly any doubt 
but that in most cases a convection thunderstorm can be 
foretold at least six hours in advance from the graph of 
an upper air sounding made in the morning, and there is 
hardly any need to dwell on the importance of this for 
local forecasting. One can readily understand its value 
to an aviation landing field. In the summer time thunder- 
storms occur without any regularity, and the morning of 
a day on which a thunderstorm occurs looks much the 
same as one which remains fair. Further, it is believed 
that the approach of line squalls or frontal disturbances 


FiGurRE 27.—Tephigram, Ellendale, N. Dak., May 31, 1918, 11:08 a. m. 


can be foretold with a great deal of accuracy, especially 
when the tephigrams are used in conjunction with the 
daily synoptic maps. This latter information, to be sure, 
is of the greatest importance to aviation, and with careful 
analysis of successive tephigrams it is believed that 
positive information can be obtained. 

It is believed that to anyone familiar with the use of 
tephigrams, they soon become indispensable for local fore- 
casting, pis the where an upper air sounding and local 
weather observations constitute the total amount of data 
available; that is, the tephigram fills the gap in informa- 
tion for an isolated observer, one who is out of communi- 
cation with the world at large for an indefinite period of 
time. 

Certain rules seem to be brought out by the present 
study of tephigrams. They will be briefly stated below. 

(1) It is easily seen that a small error in the relative 
humidity will make a large error in the amount of energy 
available (positive energy). This would indicate that 
the hygrograph used must be reliable and carefully 
calibrated. 

(2) The other rules apply to the tephigram itself. For 
instance, it is not safe to extrapolate a tephigram. If the 
sounding has not reached a sufficient altitude, it is of 
little or no value. An altitude of 15,000 feet or above 
700 millibars of pressure at least ought to be obtained, 
and this would seem to make the use of airplane ascents 
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imperative. The present study convinced the authors 
that kite ascents are of little value since a sufficient alti- 
tude is very seldom reached. 

(3) The best time to make a flight or sounding is 8:30 
a. m. or later (local mean time). This conclusion was 
reached after a comparison of the tephigrams. Before 
8:30 a. m. the tephigrams do not have any individual 
characteristics; all are a great deal alike. In other words, 


Figure 34.—Tephigram, Drexel, Nebr., August 16, 1918, 8:52 a. m. 


it is better to wait until a little later, when the action of 
local heating may be observed. This suggestion is 
merely tentative, however, and the observer at each 
station would have to learn from experience the best 
time to make the first and succeeding flights 

(4) As to the size and importance of the energy areas, 
this may be said: The actual numerical measure of an 
area on one tephigram can not be compared with the area 
on another tephigram, as to the relative intensity of dis- 
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FIGURE 35.—Tephigram, Drexel, Nebr., August 16, 1918, 2:15 p. m. 


turbances produced unless the tephigrams are in succes- 
per : A comparison of consecutive areas gives a better 
result. 

For example, when a negative area is being reduced on 
succeeding graphs it is of as great importance as when a 
positive area increases. Also the relative size of positive 
and negative areas on the same {—¢ diagram is very im- 

rtant. A small positive area at the surface, below a 
arge negative area, indicates stability. The reason for 
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this is that the small amount of instability in the surface 
layers is due only to the surface heating and extends only 
through the first few hundred meters. The large nega- 
tive area is an indication of the great stability of the 
higher layers of the atmosphere, and for weather dis- 
turbances to be produced the effect of local heating (con- 
vection) would have to destroy the stability of the upper 
layers; that is, wipe out the negative area. On the other 
hand, when a large positive area is near the surface and a 
small negative area separates it from a still higher posi- 


FicurE 39.—Tephigram, Ellendale, N. Dak., June 6, 1918, 8:12 a. m. 


tive area, the atmosphere is in a potentially unstable 
condition. In this case the convection started in the 
surface layers would soon produce a strong uninterrupted 
vertical stream of air. The greater the moisture and 
heat content of this current the greater will be the ensuing 
disturbance and the quicker the negative area on the 
— will disappear or change to a positive area. As 
to the question whether a narrow belt of positive energy 
extending to a greater height is of more importance than 
a wide belt of positive energy in the lower layers of at 
least as great numerical magnitude, nothing really definite 


/ 
Figure 40.—Tephigram, Ellendale, N. Dak., June 7, 1918, 12:13 p. m. 


has been proved. From the few comparisons which can 
be made from the present study, it would appear that the 
narrow belt indicates more a frontal disturbance, with a 
greater release of energy, while the lower wider belt of 
— is of the convective type. In the discussion under 
the heading of “frontal type of tephigrams,’”’ the im- 
portant characteristics of this type have been brought 
out. It is important to notice that on a frontal type of 
tephigram an invasion of a new air mass is indicated more 
by the change of the temperature lapse rate and humidity 
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than by the appearance of positive energy areas. The 
graph strikingly portrays this by the change of the ~ 
of the tephigram and depegram. However, if with the 
approach of a new air mass no positive energy appears, it 
seems to indicate that there will be no violent thunder- 
storms in the neighborhood of the station itself. 

(5) In some cases we have indicated positive and nega- 
tive areas with reference to a unit mass of air taken at 
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FiGurE 46.—Tephigram, Drexel, Nebr., August 21, 1918, 8:49 a. m. 


some other altitude than at the surface. In some cases, 
where there has been no positive area shown with refer- 
ence to the surface, there 1s a positive area with reference 
to a higher point. Sometimes the positive area in- 
creases, sometimes decreases. In general, it may be 
stated that in the case of the approach and passage of a 
different air mass (frontal disturbance) the positive area 
increases, or the negative decreases, on succeeding graphs, 
while at the same time on any one graph the positive 
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area seems to increase as the reference level of ene 

available is shifted upward. While it is true also of the 
convection type that succeeding graphs will show a 
gradual increase of positive area, the positive area on a 
single graph appears to decrease as the starting or refer- 
ence point is moved upward. Theoretically, the total 
energy present in a certain layer could be found by 


Fiaure 47.—Tephigram, Drexel, Nebr., August 21, 1918, 3:55 p. m. 


adding the energy at each level, that is a more or less 
graphical integration of the positive and negative areas. 

Much can be written and said on the subject of tephi- 

ams. Actually little practical use has been made, at 
east in America, up to the present time. This paper 
falls far short of any real comprehensive study of the 
subject, but it is hoped that enough has been shown to 
indicate the practical value of tephigrams as an aid in 
forecasting. 


SOURCES OF LOCAL WATER SUPPLY '' 


By A. SonpERLEGGER, consulting engineer, Los Angeles, Calif. 


It is a matter of general comment among the popula- 
tion of southern California that of late years we have 
passed through a period of drought. We have had one 
dry year after another; in fact, since the great floods of 
1914 and 1916, we have had only three years of abnormal 
rainfall, while the other 10 years have beendry. Yet, we 
keep on pumping sheutalce from seemingly unlimited 
underground sources and nobody appears to worry very 
much except the superintendent of the water works. 

The assertion is sometimes advanced that there are 
mysterious underground streams, or rivers, which convey 
water from the Mojave Desert to the Coastal Plain, or 
from as far distant sources as the Colorado River. There 
are no indications, or facts, in support of any such con- 
tentions. The mountain ranges which separate us from 
the desert are come in origin. They are many miles 
in thickness and there are no passages or cavities to permit 
either a flow or a percolation of water across them. 

Rainfall—The water supply of any region in southern 
California depends entirely upon the rain falling on its 
contributory watershed and a study of rainfall phenomena 
will, therefore, disclose the basic factors affecting our 
water supply. 

Rainstorms.—The major storms which drift from the 
Pacific Ocean over southern and central California are 
the result of areas of low barometer, usually moving from 
northwest to southeast. These storms are the most fre- 


1 A collection of pa presented before the school of citizenship and public adminis- 
tration, University of Southern California, June 17-21, 1929. 4 ba 


quent bearers of our rainfall. They are general over the 
whole region and, as a rule, of fairly uniform relative in- 
tensity. The records of seasonal precipitation of any 
station thus are an index for a broad area. 

Effect of altitude on rainfall —The moisture-laden storm 
winds strike the coast from the southeast, south, and 
southwest. On encountering the mountains along the 
coast and in the interior they are forced to rise to higher 
altitudes, where they are cooled and precipitate a larger 
portion of their moisture. Thus with increasing alti- 
tude we find correspondingly larger precipitation up to 
about 6,000 feet, above which there is a slight decrease. 
This process of absorption of moisture is so effective that 
after passing the succession of ranges which parallel the 
coast there is little moisture left beyond the High Sierras, 
and the country to the east thereof is naturally barren. 
This phenomenon is illustrated on Plate 1, which repre- 
sents a profile transverse to the major axis of the State, 
from the coast of San Luis Obispo easterly across the 
Santa Lucia Range to the San Joaquin Valley and thence 
over the High Sierras to Owens Valley and Death Valley. 
This is also illustrated on the same plate by a profile from 
the coast at Long Beach across the southern Coastal 
Plain and San Gabriel Valley, passing Mount Wilson of 
the Sierra Madre Range and on down to Palmdale in the 
Mojave Desert. 

ainfall cycles —The rainfall of southern California is 
characterized by extreme irregularity not only from day 
to day or month to month of a rainy season, but also 
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from year to year. Yet, while there is an apparent 
irregularity of seasonal rainfall, it has nevertheless been 
established that within broad limits the fluctuations over 
long periods of years follow fairly well-defined laws, 
it being apparent that there are periods of wet years 
followed by dry periods. The duration of a complete 
cycle, consisting of a wet and a dry period, is 20 to 24 
years, 10 to 12 years in which the average rainfall is 
above normal, followed by a like period in which it falls 
below normal. 

This phenomenon naturally affects the water supply 
of the country to the extent that the fundamental prob- 
lem with which the water-supply engineer is confronted is 
that of regulating an erratic supply. 

Over long periods of years the consumption of water, 
through plant growth, corresponds to the average rain. 


PLATE NPI 
SAN LUIS OBISPO TO DEATH VALLEY CALIFORNIA. 


PACIFIC OCEAN 
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RAINFALL CROSS SECTIONS 
SHOWING EFFECT OF 
ALTITUDE ON RAINFALL 


AL. SONDEREGGER 
ANGELES, CAL 


I.—Rainfall cross sections 


During a series of wet years, with precipitation above 
normal, there will hevelens be an accumulation of the 
surplus water reflected in heavier and deeper saturation 
of soils, larger stream flow, and rising ground-water 
levels. An occasional dry year in a wet period will only 
temporarily check the increase. On the other hand, a 
dry “oper: will cause the gradual depletion of the water 
supply. This phenomenon is illustrated in Plate 2, 
Figures 1 and 2, which graphically show the seasonal 
rainfall at Los Angeles and the run-off of the San Gabriel 
River at Azusa for the years 1871 to 1924. 

Figure 3 of the same plate shows the mass diagram 
sometimes called “residual mass curve,” of the rainfall 
for Los Angeles, platted so as to show the accumulative 
effect of the departure from the normal rainfall for the 
53-year term. A rising line indicates a rainfall for a 
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season above normal and a falling line a shortage. The 
general downward slope of the dash-and-dotted line 
denotes shortage over a period of years and consequently 
a gradual draft on the accumulated water supply, while 
ascent of the dash-and-dotted line indicates gradual 
storage of the surplus. 

The mass curve then represents what would be the 
fluctuation of the water level in a tank exposed to the 
rainfall, from which annually the average amount of 
precipitation for the 53-year term, namely 15.01 inches, 
is extracted. 

A similar illustration is presented in Figure 4 relating 
to the seasonal run-off of the San Gabriel River. The 
mass curve here presents again the fluctuation of the 
water surface of a reservoir in which the entire run-off 
would be impounded, with annual abstractions equiva- 
lent to the mean recharge for the 53-year term, namely, 
135,800 acre-feet. It should be noted that the seasonal 
fluctuations of stream flow are much more erratic than 
those of rainfall. The periods of depletion and accumu- 
lation are clearly indicated as follows: 


1871-83, | 1883-93, |1893-1904,| 1904-16, | 1916-24, 
dry wet dry wet dry 
seasonal rainfall at Los 
ches. 13. 83 20. 32 11. 25 16. 90 12. 47 
Average seasonal runoff, San Ga- 
gee acre-feet..| 97,258 | 224,470 52,427 | 187,492 | 120, 162 
53-year mean San Gabriel River, 
(135,800 acre-feet 100 per cent) 
per cent... 72 165 39 138 89 
The run-off or water supply produced by the San 


Gabriel River in the driest period of record, 1893-1904, 
was only 28 per cent of the succeeding wet period. For 
these two periods, stream gagings exist for a sufficient 
number of years to make the results reliable. In order 
to equalize a water supply like that of the period from 
1883 to 1904 to an average of 135,800 acre-feet per 
annum, storage capacity of nearly 1,000,000 acre-feet 
would have to be avaiable, or about four times the 
capacity of the proposed San Gabriel Reservoir. 
igure 5, Plate 2, shows the fluctuations of a well at 
Baldwin Park in San Gabriel Valley for each year. The 
well —— to the variations in stream flow and rain- 
fall. The ground-water basin of the San Gabriel Valle 
is therefore comparable to the tank above mentioned, 
and as a matter of fact operates as such. During a wet 
eriod this basin gradually fills with seepage water, both 
rom the stream beds which traverse the valley and from 
direct percolation of rainfall, so that the water levels in 
wells keep on rising until this tide turns and the dry 
period setsin. Inasmuch asit is the function of a reservoir 
to be drawn down during dry years and to be replenished 
in wet ones, the lowering of the water table, as a result 
of years of drought, does not indicate or prove that the 
basin is overdrawn. The criterion of an overdraft is the 
nonreturn to original levels at the end of a wet period. 
The em of Plate 2 show the cyclic fluctuations as 
determined by observations of rainfall, stream-flow and 
ground-water levels. In southern California the water 
crop of dry periods is supplemented by cyclic under- 
ground storage. Dry years are particularly critical for 
the water users relying upon surface flow. The water 
supply must be gaged 7 the dry years’ crop, and storage 
is required to regulate the excess flow of wet years. The 
development of a country based upon the supply of wet 
eriods will sooner or later lead to economic disaster. 
he present status of the science of astronomy and the 
related science of meteorology does not permit of periodical 
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weather forecasts. Predictions as to our future water sup- 


_ply therefore must be based entirely upon records of past 


performance. Under such conditions, the records of the 
driest period available, combined with the possibilities of 
cyclic storage, must be taken into consideration in esti- 
mating the available supply, particularly where domestic 
supply is concerned. 
isposal of rainfall.—Generally speaking, a portion of 
the rain falling on an area will seep into the ground at the 
point where it falls; another portion may flow for a dis- 
tance on the surface or collect into drainage channels, 
there to seep away unless the storm be heavy enough to 
produce a run-off on the surface beyond the limits of the 
watershed, or even as far as tidewater. This ‘“‘surface 
run-off,” which takes place during a storm or for a few 
days following, is also termed ‘‘storm run-off.” 
he rain water which seeps into the ground saturates 
the soil to various depths, depending upon the magnitude 
of the storm. This seepage is, in turn, subject first to 
evaporation from the surface of the ground; second, to 
absorption by plant life; and, third, to deep percolation 
beyond the roots of plant life and beyond the limits of 
capillary action, depending upon soil formation and mois- 
ture conditions. Deep percolation may subsequently 
drain into gullies and creeks and thus form the normal 
flow of a stream which occurs between storms and with 
rennial streams also during the summer. The normal 
ow of a stream is therefore a seepage run-off, seeping 
into the ground first and thence draining therefrom. 

The evaporation and transpiration losses are generally 
called the ‘consumptive use,’ which is essentially a func- 
tion of the character and type of soil and the soil cover. 

Rainfall is therefore disposed of as ‘‘consumptive use,” 
“seepage run-off,” and ‘“‘storm run-off.” 

This disposal of rain water takes place on the valley 
floor as well as in the mountains, and both types of water- 
sheds share in the production of our water supply. 

The relative effect of rainstorms of various intensities 
leads to the conclusion that the largest contributions to 
our water supply are produced by storms of great inten- 
sity, which last over several days and pailtiuci valley 
rains of 8 to 12 inches for the storm. Such storms 
produce a large storm run-off from our mountains. On 
the other hand, in the valley they are the cause of the 
deep percolation which recharges the ground-water basins. 
A study of the effect of individual storms on stream flow 
and on the fluctuations of the ground-water table, will be 
found to be very instructive. As a rule, a wet winter will 
produce one storm of outstanding intensity, which is re- 
sponsible for the greater portion of the water crop of the 
season. 

Mountain run-of.—On a mountain watershed with 
residual soil cover seepage water may strike bedrock at 
a depth of 1 to 12 feet or more, there to be diverted down- 
hill (see figs. 3 and 4 of plate 3). On its downhill course 
this percolating water has to run the gantlet of absorption 
by the roots of trees, brush, and herbs which may have 
penetrated fissues to depths of 20 to 30 feet. Abstraction 
therefore is extremely active until the percolating water 
reaches the stream bed. Despite this continued tapping, 
however, seepage run-off is produced in dry years, al- 
though this may, in part, be due to overyear storage 
and partly to absorption in talus slides, which, owing to 
their unstable and porous formation, readily admit the 
rain water. 

The run-off of a mountain watershed is, as a rule, meas- 
ured at the mouth of canyons and includes both the 
seepage or normal run-off and the storm run-off. It is 
the run-off that becomes available for water supply. 
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Measurements of flow on the major streams are made by 
the United States Geological Survey and the results 
— in its water-supply papers. The run-off 
gures of the San Gabriel River used in the preparation of 
Figures 2 and 4 of Plate 2 were obtained from the water- 
supply papers of the United States Geological Survey. 
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The consumptive use of a mountain watershed for a 
12-month season is obtained from the equation— 


Consumptive use = seasonal rainfall minus run-off 


A study of the daily discharge of a stream and its 
hydrograph will readily permit the segregation into seep- 
age and storm run-off, since the latter is characterized by 
the violent and erratic departures from the more or less 
uniform normal flow. 

For the mountain watersheds it has been found that the 
consumptive use of the brush or timber cover varies from 
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20 to 30 inches, and that this is, roughly speaking, two- 
thirds of the rainfall or total water supply. Of the 
remaining one-third, by far the larger portion is normal or 
seepage run-off and only a small part is storm run-off, 
except in years of heavy floods. The San Gabriel River, 
with a water shed of 222 square miles above Azusa, has 
an average seasonal run-off at that point of 135,800 
acre-feet, or 600 acre-feet per square mile, equivalent to a 
depth of water spread over the water shed of 11.3 inches. 
The average rainfall on this watershed may be estimated 
at 31 to 36 inches, or about three times the average run- 
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FIG. 2 
CONCENTRATION OF RAINWATER DUE TO TOPOGRAPHICAL CONDITIONS 


DISPOSAL OF RAINFALL 
ON MOUNTAIN SLOPE 
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BY STREAMBED ON BEDROCK 


Floor 
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‘Alluvial 

‘Water Table; + } 
FIG. S 

LOSSES BY SEEPAGE FROM STREAMBED IN ALLUVIAL FILL 

PLATE III.—Losses by seepage . 


off. For smaller watersheds and lower altitudes, the 
consumptive use is a still larger percentage of the rainfall 
and the run-off correspondingly smaller. 

The fluctuations of run-off of individual years are even 
more erratic than the periodical fluctuations. The 
minimum seasonal run-off of the San Gabriel River 
occurred in 1898-99 with 9,630 acre-feet, equivalent to a 
depth of water over the whole watershed of less than 1 
inch, and the maximum in the season of 1921-22, with 
410,000 acre-feet. 

Water supply from rainfall on the valley floor.—Seepage 
water penetrating intermittently below the limits of 
evapo-transpiration activity must ultimately cause the 
wetting to field capacity (or water capacity), either of the 
entire formation overlying the water table or of well- 
defined ducts reaching from the surface to the water table. 
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If there is additional seepage from above, there must be a 
corresponding addition to the water table. 

The alluvial deposits of which the fill of our valleys is 
made up are essentially heterogeneous in formation, 
consisting of irregular bodies of sand, gravel, and clay, 
so that the percolating fluid will naturally find lines of 
least resistance, to the effect that a uniform saturation 
over large areas and to great depths, is not likely to occur, 
but rather the formation of more or less defined ducts. 

At points where percolating water strikes an impervious 
stratum, downward movement is interrupted and a sus- 
pended water table formed. Gradually lateral percola- 
tion is then established and a circuitous route for the 
percolating fluid is formed until another pervious deposit 
again permits of more or less vertical movement. en- 
ever a suspended water table has been formed the drain- 
age from same will cover the edges of the impervious 
stratum and is likely to collect into trickling streams, as 
illustrated in Figure 1, Plate 3. These conclusions are 
supported by the fact that during the process of excavat- 
ing shafts in alluvial fills it is quite common to strike dry 
materials alternating with moist materials and occasional 
streams of water. Inasmuch as alluvial deposits almost 
invariably show an alternation of pervious and impervious 
strata, the phenomenon indicated in Figure 1 is probably 
the one most commonly encountered. Under such con- 
ditions only a portion of the alluvial mass between the 
surface and the ground-water table will be saturated. 

The recharge of the ground water may be hastened or 
delayed by impervious strata. Large clay bodies may 
not only cause a regulation of an irregular water supply, 
but they may also provide storage of a magnitude not 
appreciated because not readily traced. 

Absorption is favored by the wedging action of roots, 
and especially by decayed roots, the latter having a ten- 
dency to drain a saturated mass along defined canals. 

The intensity and effect of rainstorms is magnified by 
the irregularities of topography, whether they are the 
gentle undulations which occur on an apparently true 
plane, or hog wallows and hummocky undulations as 
shown in Figure 2, Plate 3. It is apparent that some of 
the rain falling on = A and C will flow on the surface 
to the depression B. A 3-inch rain may produce at B 
a depth of water of as much as 6 inches and a seepage 
greatly in excess of that at points AandC. This concen- 
tration of rain water, therefore, induces a corresponding 
concentration of seepage and may be responsible, in part, 
for deep penetration when the seasonal rainfall uniformly 
absorbed is not sufficient to satisfy the moisture deficiency 
and evapo-transpiration losses over large areas. 

It is therefore concluded that the irregularities of 
topography, the heterogeneous character of alluvial soils, 
and the actions of roots all tend to concentrate percola- 
tion along lines of least resistance and that a uniform 
wetting of the soil over large areas, even to the depth of 
the root zone, is not likely to occur, with the ultimate 
result that larger portions of the valley rains reach the 
water table than is commonly assumed. 

The quantity of the water supply resulting from rain- 
fall on the valley floor is not peaaily ascertained and for 
this reason has in the past often been underestimated. 
The author has made extensive studies of this phenome- 
non, and his conclusions have been confirmed by the 
investigations of the engineers of the United States 
Department of Agriculture and State department of 


n the San Bernardino Valley, above the lower Santa 
Anna Canyon, it has been determined that in certain 
years as much as 40 per cent of the total water-crop 
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tributary to that valley is from rainfall on the valley 
floor, and that the contributions from this source exceed 
200 acre-feet per square mile. 

It goes without further explanation that the gentle 
rains and light storms of dry years do not produce dee 
penetration to any extent. It is the rainfall of normal, 
and particularly of wet years with their heavy storms 
that causes a substantial recharge of ground-water 
basins, which can be observed in the response of the 
water levels in wells. Where clay strata are extensive, 
this response is lagging, but nevertheless ascertainable. 
The average proportion of recoverable voids in alluvial 


MONTHLY WEATHER REVIEW 373 


streams, these deposits are arranged irregularly, with 
kidneys of clay interlaced with lenses of gravel or sand. 
The latter are the waterbearing gravels, which under 
favorable conditions may carry as much as one-third of 
voids, or interstices, which are filled with water, this 
water, in turn, being subject to abstraction by means 
of wells and pumps. The valleys, or basins, are shown 
on Plate 4. 

The entire San Fernando Valley is underlain by such a 
basin, as is the San Gabriel Valley, the Coastal Plain 
from Santa Monica down to Newport, the San Ber- 
nardino Valley, San Jacinto Valley, etc. The storage 
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materials"is"about 15 per cent; a rise of the water table 
by 1 foot over an area of 1 square mile would indicate a 
recharge of 96 acre-feet, equivalent to a depth of 1.8 
surface inches of water. 

Ground-water basins —Even the casual observer will 
notice that Southern California is dotted with thousands 
of wells, operated by Ae? plants. Probably 75 per 
cent of the water supply. of this country is derived from 
underground sources. The drilling of great numbers of 
wells has disclosed that the principal vallevs, from the 
San Luis Rey River northerly to the Sierra Madre 
Mountains, are underlain by deep basins filled with 
alluvial materials. Having been laid down by flowing 


capacity of these basins is so enormous that the capacity 
of surface reservoirs, even of the size of the San Gabriel 
Canyon Reservoir, is but a fraction thereof. The re- 
charge of these basins is effected by seepage from streams 
which cross the valleys and from rain water seeping into 
the ground of the valley floor and beyond the roots of . 
plant life, ultimately to reach the water table. The 

und water, sometimes called the “underflow,” perco- 
ates as a rule in the general direction of the surface 
stream. The rate of percolation is generally slow, 
ranging from 1 to 3 or 4 miles per year. Unless inter- 
cepted by barriers, the underflow will in its natural 
course reach the ocean underground. 
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A characteristic of most of these basins is the occur- 
rence of underground barriers (dikes) or of lateral con- 
strictions, or both, which interrupt the percolation of the 

ound-water streams. Taking, for example, the San 

ernando Valley, at Van Nuys the valley has a width of 
8 miles and a depth to bedrock of 1,000 feet or more. 
At its outlet the valley is constricted from Burbank to 
Elysian Park by the approach from either side of the 
hill formation, narrowing the valley down to a width of 
three-fourths mile. This is the Elysian Park “narrows.” 
There is, furthermore, an underground sandstone barrier 
which crosses the narrows at a depth of less than 200 feet 
below the surface. The combined effect of lateral con- 
striction and barrier is to force the ground water to the 
surface and to form the rising stream of the Los Angeles 
River. This river begins as a small stream in the vicinity 
of Van Nuys and gradually increases on its course 
toward the Narrows to a flow of 40 to 50 second-feet, 
even in the summer months of a dry period. The 
Los Angeles River is therefore strictly a ground-water 
stream (except for its flood flow). In order to prevent 
ollution, the river is now drained by infiltration pipe 
ines, from whence it is conveyed to the city. 

San Gabriel Valley extends from Pasadena to San 
Dimas, a distance of some 20 miles, and has a depth of 
alluvial fill of over 1,000 feet. At the Whittier Narrows 
the valley is constricted to a width of about 2 miles. 
The depth of fill at this point is about 480 feet. The 
effect of the “narrows” is a stream of rising water, 
beginning about at the Foothill Boulevard with a small 
stream and increasing, as the Mission Street Bridge is 
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approached, to a river carrying 60 to 120 second-feet. 
his supply is diverted in a number of irrigation ditches. 

The many narrows constricting our valleys or basins 
are indicated on Plate 4. 

In the ground-water basins water will remain pure 
and potable for indefinite periods and is available for 
abstraction over long periods as it percolates from the 
mountains to the sea. 

These ground-water basins present a natural and 
practical solution for the regulation of the otherwise 
erratic water supply of southern California, making it 
possible to store water from a wet period into a dry 
period; in other words, permitting of a cyclic regulation 
of water supply. For this reason they are the funda- 
mental physical factor which made possible the develop- 
ment of this country. 

Too much — can not be placed on the economic 
importance of the deep gravel beds which underlie our 
valleys. The layman is inclined to lay stress on surface 
storage, believing that the water problem can be solved 
by the construction of surface reservoirs. The proper 
function of our flood control and conservation reservoirs 
is that of detaining floods. From such temporary storage 
the flood waters may conveniently be carried on to the 
gravel deposits below the mouths of canyons and there 
caused to sink into the ground, to become a portion of 
the ground water underlying our valleys. This method 
of conservation is also known as the spreading of flood 
waters and is now practiced on practically all rivers and 
streams of southern California. 


AGRICULTURAL METEOROLOGY AND RAISING THE AGRICULTURAL PRODUCTIVITY 


By Prof. A. Kaicoroporr 
[Meteorological department, academy of agriculture, Gorki, Orsha District, Union of Socialist Soviet Republics] 


1. The main work of contemporary agricultural 
meteorology consists at the present almost exclusively in 
parallel observations on the growth of some crops and 
the influence on them of meteorological factors. 

2. The object of these observations, started in Russia 
in 1906 and in America in 1915-16, is the fixation of the 
“critical periods” in the growth of plants, in which 
they are most sensitive to excess and deficiency of heat 
humidity, and the ‘‘correlational interdependence” 
between the harvest and the combination of the heat and 
humidity in the several intervals of the vegetative period. 

3. This interdependence is of a rather vague character. 
It varies with the different climatic conditions for one 
and the same crop and shows a tendency of adapting 
itself passively to the climate. 

The method applied in these researches is a passive 
observing one. 

4. The meteorological observations, based on the 
contemporary international agreements, have but a 
limited value in the comparison of climates on broad 
scales, and their importance for practical agronomy is 
very small. 

5. As a counterpoise to the foregoing and in addition 
to it, an experimental method is proposed to be applied 
at special microclimatic stations, observatories, and 
biometeorological laboratories. 

6. The data on microclimate, or rather on bioclimate, 
are to be gathered by means of observations made with 
npr instruments more exact and more sensitive than 
the ordinary ones, in the lowest strata of the atmosphere, 
0 to 15 meters, having as their object the fixation of the 
movement and the limits of fluctuations of those meteoro- 


logical factors most important for the life of the plants, 
which can directly bring to light the characteristics of the 
local climate. 

7. The actinometric sections of the observatories, 
possessing exact physical instruments, mainly photo- 
actinometric, are to start a detailed study of solar 
energy, direct and dispersed, in the spectrum as a whole 
and also in its different regions, taking into account the 
local conditions of the solar climate. 

8. Hand in hand with this the laboratories (bio- 
meteorological sections of the observatories) are to 
conduct, systematically and in detail, isolated vegetation 
experiments, using natural and artificial sources of light 
and an assortment of photophilters, the influence of light, 
direct and dispersed in the spectrum as a whole, and also 
> “> different regions, on the development and chemism 
of plants. 

9. As data on microclimate are gathered, the different 
elements should be in the limits fixed by experience for 
given regions, and introduced into the vegetation experi- 
ments as new variables, enabling thereby the calculation 
of the influence of divers factors of the bioclimate on the 
growth of different crops. 

10. The totality of gathered facts will enable us to 
fix, with the aid of specialists—chemists, physiologists- 
botanists, selectioneers, etc.—the climatic ‘‘formulary”’ 
of the plant, depending on the natural conditions of the 
region, and thus to tie together the vegetable world with 
climatic conditions by a causal and uniform nexus. 

11. The struggle against the natural forces of 4 
meteorological character is mainly the business of tech- 
nical and rationalized agriculture; and if it be sufficiently 
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industrialized, the influence of these forces can be reduced 
to a minimum. At the same time we can raise the 
favorable conditions, leaning on a firm scientific basis. 
The main lines of the struggle are already marked out, 
and with intense research studies success is assured. 
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12. If realized, this should give a mighty impulse to 
the raising to a higher level the quantity of agricultural 
production, on a basis of bread industrialization and 
euotne scale, with reconstruction on a strictly scientific 

asis. 


WEATHER ABNORMALITIES IN UNITED STATES 


HEAVY RAINS IN TEXAS AND OKLAHOMA, MAY, 1929 


ALFRED J. HENRY 
(FIFTH NOTE) 


Ordinarily one thinks of the rainfall as being due pri- 
marily to the frequency and horizontal movement of 
cyclonic storms or simply shallow barometric depressions, 
and this idea has some basis of fact when applied to 
certain parts of the country. The preliminary study in 
the preparation of this paper showed, however, that a 
different conception is equally valid, as will appear in 
subsequent paragraphs. ; 

In May, 1929, precipitation in Texas was 4.04 and in 
Oklahoma 3.30 inches above the State normals, respec- 
tively. In order to reach a conclusion as to the ideal con- 
ditions for heavy rains in the region considered, I have 
made a detailed examination of the total rainfall for the 
month of May from the beginning of state-wide distribu- 
tion of rainfall stations in 1891 to date. I have selected 
for detailed examination those months which gave the 
greatest May precipitation of record. These are: 


For Oklahoma, May, 1902: State average, 10.13 inches; de- 
parture, 5.72 inches. 

For Texas, same month: State average, 3.93 inches; departure, 
0.27 inches. 

Greatest amount for Texas, May, 1929, 7.70 inches; departure, 
4.04 inches. 


Second greatest for Texas, May, 1914, 7.68 inches; departure, 
4.02 inches. 


: ed Oklahoma in May, 1929, 7.67 inches; departure, 3.30 
inches. 
For Oklahoma in May, 1914, 5.17 inches; departure, 0.80 inches. 


Thus it is seen that the two States do not closely parallel 
each other in the distribution of heavy rains. 

The details of the rains of May, 1929, are shown in 
Table 1 below: | 


TaBLe 1.—Monthly mean and extreme values of precipitation in 
Texas and Oklahoma, May, 1929 


Precipitation (inches) 
Number Monthly 
Divisions of sta- Greatest depar- 
tions ture 
Average 
Monthly | 24 hours 

Northwestern. 51 4.37 8.85 6. 30 +1. 47 
26 8. 43 15. 29 7.00 +3. 80 
3. 62 8. 86 3. 62 +1.13 
od 10. 88 20. 46 7. 22 +6. 19 
13 13. 48 22. 49 11. 05 +8. 63 

Southwestern. 4 8. 62 17.18 6. 16 +5. 
tec 37 9. 42 17. 86 7. 65 +5. 17 

Oklahoma: 

27 9.15 16. 25 4.70 +4. 33 
ES 26 8. 98 12. 90 6. 50 +3. 94 
31 5, 20 14.78 7. 86 +1. 96 


The detailed examination of the daily weather maps 
which gave the greatest monthly totals of precipitation 
for the region under consideration clearly show that the 
controlling pressure formations are (1) strong anticyclones 
with central pressure between 30.50 and 30.60 inches 
Overspreading one of the northern tier of States from 
North Dakota to Michigan; (2) at the same time pressure 


should be low over the Great Basin, a depression with 
central pressure of 29.70 to 29.80 inches over Nevada 
or Utah. 

The anticyclone tends to spread fan shaped to the 
southeast with a slow movement; the Utah depression has 
a somewhat uncertain movement and development. In 
most cases the southern end will in a day or so occupy 
New Mexico and part of west Texas as a shallow depres- 
sion, or the northern end of the original trough may 
develop and move to the northeast as a going cyclone; 
is that case a secondary will usually develop over west 

exas. 

The circulation proper to the anticyclone as it spreads - 
to the southeast is manifest by east to southeast winds 
on its southwest periphery, and these winds are mainly 
from the Gulf of Mexico. They are augmented in force 
by the presence of:low pressure to the west over New 
Mexico and adjoining areas. When the anticyclone is 
of great magnitude it may persist for as long as a week 
before passing over the Atlantic. Meanwhile the south- 
east winds and rain, locally heavy because of long 
duration prevail, there being as many as three or four 
different periods of relatively long-continued rains in the 
States named. These may be classed as warm front rains. 

Rains due to a cold front may vary the situation, but 
their occurrence is not so frequent as the first named. 
Cold front rains occur when a strong anticyclone ad- 
vances southward from Montana into a trough of low 
pressure left over Texas as a residual from a northern 
cyclone that has passed to the eastward. A 4-day rain, 
due wholly to the northern anticyclone, is not uncom- 
mon. 

Moderately heavy rains, especially in Oklahoma, occur 
when the number of secondary cyclones that originate 
in the spring months over the southern Plateau region 
and move east-northeast over northwest Texas and 
Oklahoma is fairly large, say, three or four in any one 
month. Dry weather is the rule when southern plateau 
cyclones do not develop and the cyclonic movement 
eastward is confined to the northern border States. 

May is the month of greatest precipitation in Okla- 
homa, the State average being 4.37 inches, with a rather 
large number of stations ha an average of 5 inches 
and slightly over. Although the State is not far from 
the center of the continent, its average May rainfall is 
not exceeded in any other part of ae country. The 

eater rainfall of this month is doubtless due to the 
arge opportunity that is present for vertical convection 
and also the overrunning and underrunning of air masses 
of different temperature and moisture content. These 
conditions are best developed in the months April—June. 

The foregoing is, of course, rather broadly generalized ; 
the details of pressure distribution will follow the plan 
outlined more or less closely, but there will be differ- 
ences. As an example of the closeness of fit I give the 
detailed pressure distributions that were responsible for 
the heavy rains of May, 1929, in Texas and Oklahoma; 
these were grouped around four separate periods total- 
ing 18 days as given below: 

Rains of May 1-4, 1929.—These were cold front rains 
due to the southeastward advance of an anticyclone 
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association low pressure over Texas. 

Rains of May 8-9, 1929.—A depression of the barom- 
eter moved from the southern plateau on the 7th to 
Texas on the 8th and dissipated over that State on the 
9th, a strong anticyclone in the meantime having ad- 
vanced from the western Canadian Provinces to the 
lake region. 

Rains of May 16-18, 1929.—As in previous cases, a 
strong anticyclone and a pronounced fall in temperature 
was centered on the 15th in Montana, and there was a 
depression of the barometer over northern New Mexico. 
This anticyclone moved very rapidly to Iowa by the 
16th and to the New Jersey coast in the next 24 hours. 
Meanwhile Texas and Oklahoma were occupied by a 
residual low; the winds were southerly and very general 
rains occurred on the dates named. 

Rains of May 26-31, 1929.—The rains of these dates 
were not quite so general as those already mentioned, 
but the total for the six days was a very considerable 
amount at many stations. 

On the morning of the 26th a shallow depression of the 
barometer occupied southeastern Wyoming and an anti- 
cyclone of wide extent was centered in the lake region. 
In the three days immediately perp te the depression 
was forced to the south-southeast and gradually dissipated 
over Texas. Meanwhile the pressure gradient over 
Texas and Oklahoma was for south to southeast winds, 
and these are rain winds for the States named. 

Finally the dominating weather control being anti- 
the temperature will be several degrees below 
the seasonal average in months of heavy rainfall. 


KITE OBSERVATIONS IN MAY, 1929 


A brief study of the free-air observations made at the 
two kite stations of Broken Arrow, Okla., and Groesbeck, 
Tex., has been made. The geographical coordinates of 
the stations are as follows: 

Broken Arrow, north latitude 36° 02’’, west longitude 
95° 49’; elevation, 765 feet. Groesbeck, north latitude 
31° 30’’, west longitude 96° 28’’; elevation, 461 feet. 

It so happened that barometric formations were favor- 
able for rain in May, 1929, in Texas and Oklahoma on at 
least 16 different dates; and since the occurrence of pre- 
cipitation is prejudicial to kite flying, it is not surprisin 
that synchronous flights at both stations were obtain 
on but seven days and at a single station on four days. 
The amount of observational material is therefore less 
than we would wish. 

No pretense was made to subject the observations to 
critical analysis. At most search was made for some 
obvious relation between the wind direction, the moisture 
content of the air and its temperature, and the occurrence 
of rain at the kite stations. 

True, the kite observations reveal to a greater or less 
extent the structure of the immediate section of the 
atmosphere explored, depending upon the altitude 
reached. When, however, clouds are present both the 
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changes in the lapse rate, as it is now known, and also 
changes in the moisture content of air masses that can be 
identified as coming from higher latitudes (polar air) and 
from lower latitudes, respectively (equatorial air). 
Progress is being made toward showing such changes 
graphically, but the methods thus far in use have not as 
— been applied to the kite observations here discussed. 

am therefore under the necessity of closing my comment 
on the kite observations with the statement that they 
have not thrown additional light upon the physical 
processes involved in the heavy rains in both Texas and 
Oklahoma. 


THE INFLUENCES THAT BRING ABOUT HEAVY RAINS IN 
TEXAS AND OKLAHOMA COMPARED 


Oklahoma, being farther removed from the source of 
moisture than Texas, does not respond in the same 
degree to the influences that produce heavy rains in the 
last named. The chief cause of heavy rains in Texas 
and Oklahoma is the combination, low pressure over west 
Texas, New Mexico, or southeast Colorado, and high 
pressure to the east-southeast, as in May, 1929, and as 
may be inferred, the individual months may show slight 
variations from this general pattern. 

It is axiomatic that whenever the progression of a 
cyclonic system or simply a shallow barometric depres- 
sion in its northeastward course over the Plains States is 
blocked by high pressure centered over or to the north 
of the Great Lakes, especially in the months of May and 
June, the rains over the States named are heavy and in 
places of longer duration than usual. Since the move- 
ment of the anticyclone from the Great Lakes to the 
South Atlantic coast may consume three or four days, 
and since the relative geographic position of the two for- 
mations changes but slowly, the long continuance of the 
rains is thus explained. In further explanation it should 
be said that the anticyclonic air being relatively and 
absolutely cooler than the air in the cyclone, a mass 
movement of the cooler anticyclonic air toward the 
center of the cyclone or depression must bring about 
very generous rainfall. 

A second cause of general rains in Oklahoma, and in a 
less degree in Texas, is the origin of secondary cyclones or 
simply barometric depressions over the southern plateau 
and their subsequent movement over Oklahoma and 
western Texas. In some months for reasons that are 
unknown there is an absence of secondaries in the region 
named; such disturbances have their origin far to the 
northward and pass eastward along the Canadian border 
too far north to give rain in Oklahoma. The problem of 
predicting the rains of the coming season is therefore an 
one at the present time. 

he conclusion is reached that heavy rains, particu- 
larly in the Plains States, including Texas, are quite as 
likely to be due to the aberrant movement of cyclones 
and the resulting development of secondaries as to the 
frequency of fully organized cyclones that may pass over 
a given region in the space of a month or more. 

t is also apparent that the development of strong anti- 


temperature and moisture of the air is apt to bein amore cyclones and their southeastward movement across the § 2g 


or less stratified condition, thus making it difficult to [United States is an important factor in controlling the § ser 
draw inferences of value. __ é rainfall of the Plains States, the lower Missouri and the § the 
_ The circulation of the wind in cyclones and anticyclones middle Mississippi Valleys. Fr. 
1s already well known so that the added information of the Torrential rains in Texas may also be due to the ad- ant 
kite flight is of little or no avail. vance inland over that State of a tropical disturbance 9 fro 
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; ’ the A from the Gulf of Mexico that expends its energy in heavy § °n 
in the decrease of temperature with increase in altitude, 


flood-producing rains. ] 
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A MOBILE FIRE WEATHER FORECAST UNIT 


By L. G. Gray 
[Weather Bureau Office, San Francisco, Calif.] 


Since July, 1926, an intensive fire weather service 
has been in operation in California. The principal object 
of this service is an economic one—to aid all fire preven- 
tion and suppression agencies in their efforts to reduce 
losses from Diced grass, grain, and brush fires. That the 
fire problem in California is economically of great im- 

ortance is shown by the fact that outdoor fires in 1928 
in this State alone caused losses totaling nearly four and 
one-half million dollars. 

The fire weather service of the Weather Bureau was es- 
tablished at the earnest request of fire agencies, which 
were much impressed with the importance of weather 
conditions in their effects on fires. The fire weather serv- 
ice works in close cooperation with these agencies, Fed- 
eral, State, and private. 

The term ‘‘fire weather” aptly describes those combi- 
nations of weather conditions whieh cause fires or which 
favor their rapid spread when once started. Lightning, 
for example, causes from 10 to 45 per cent of all outdoor 
fires in California, depending on the character of the 
individual season. Dry and windy weather causes rapid 
spread and difficult control of fires, however they may 
have been started. 

Severe lightning concentrations in California have 
caused more than 350 lightning fires on national forests 
during a single thunderstorm period of two and one-half 
days. Thunderstorms of the relatively ‘‘dry” type thus 
constitute the fire-causing phase of fire weather. 

Hot, dry, windy weather constitutes the fire-spreading 
phase of fire weather. Atmospheric relative humidity, 
as it affects the dryness of fuels through its control of the 
rate of evaporation of fuel moisture into the air, and wind 
direction and velocity, as the latter influences the evapo- 
ration rate, and as both together determine the direction 
and rate of spread of fires, are generally considered to be 
approximately of equal importance under California con- 
ditions in the production of dangerous fire weather. 

Low relative humidity causes drying of forest fuels to 
a state approaching tinder. Fires once started in such 


fuel by human carelessness or lightning, spread ey 


when fed with additional oxygen and fanned by the win 
The wind frequently spreads sparks far in advance of the 
main fire. These sparks cause “spot” fires, which may 
and often do exceed the parent fire in size and difficulty 
of control. Rough field determinations have indicated 
that the rate of spread of fire in grass and low brush 
varies directly as the square of the wind velocity up to 
velocities of about 15 miles per hour; at higher velocities 
the increase in rate of spread is not proportionately so 
great. 

It will be apparent from what has just been said that 
fire-weather factors are of vital importance in connection 
with fire prevention and suppression work; that they are 
practically evident and not mere theoretical abstractions. 

The service rendered to fire prevention and suppression 
agencies by the Weather Bureau is primarily a forecast 
service. Systematic fire-weather forecasts are issued by 
the district forecaster of the weather bureau at San 
Francisco, based on the usual synoptic weather reports 
and charts, supplemented by daily telegraphic reports 
from specially established fire-weather observing stations 
on forest areas. 

While the general fire-weather forecasts thus issued are 
very helpful to fire agencies in planning general fire 
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action the forecasts are not and can not, under the cir- 
cumstances, be sufficiently specific and adapted to local 
fire conditions to warrant their use as bases for detailed 
tactics to be used in suppressing a given fire. The dis- 
trict forecaster has no knowledge of the local topography 
and cover conditions. Foresters believe that forecasts 
of the specific type in connection with fire tactics offer 
the greatest opportunity for economic saving. 

In an effort to supply the type of forecasts desired on 
large going fires, a 26,000-acre fire on the Santa Barbara 
National Forest was visited during the 1928 fire season 
and experimental forecasts were issued by a meteor- 
ologist on the ground. He was advised daily by wire 
from San Francisco regarding the general weather situa- 
tion, and this information was supplemented by detailed 
observations taken at key points in the vicinity of the 
fire. This experiment was successful, the forest super- 
visor commenting that the forecasts furnished were 
directly oe. in planning the right tactics which led to 
final control of the fire, and that a considerable saving in 
suppression costs undoubtedly resulted directly from these 
forecasts. 

Since fires and their complex topographical surround- 
ings can not be taken to the district forecast center for 
analysis, a mobile weather bureau office has been planned 
to take equipment and a meteorologist to the fires. 

The plan will be put into effect July 1, 1929. A ton- 
and-a-half truck is being equipped with meteorological 
instruments for use on the fire area, including ane- 
mometers, hydrothermographs, psychrometers, maximum 
and minimum thermometers, rain gage, and instrument 
shelters, as well as a barograph and aneroid barometer of 
smaller size; with radio receivers covering the short wave, 
long wave, and broadcast bands to copy the twice daily 
detailed weather broadcasts, including general forecasts, 
from naval radio station NPG at Mare Island; with 
charting facilities to prepare synoptic charts similar to 
those prepared at San Francisco; and with accommoda- 
tions for the personnel of two men who will operate the 
unit, a meteorologist in charge, and a combination ob- 
server and radio operator. 

The unit will travel throughout the entire State during 
the fire season, being dispatched to going fires by tele- 
graphic orders from a central dispatching agency in the 
office of the Forest Service at San Francisco. The unit 
will maintain telegraphic communication with San 
Francisco and keep the dispatching agency notified of 
the whereabouts of the unit, actual and prospective. 
When not engaged on special forecasting work on going 
fires, the usual fire wenthes! field work, chiefly the estab- 
lishment of fire weather observing stations on forest 
areas for survey purposes, will be carried on. 

Upon receipt of orders, the unit will proceed immedi- 
ately to a large going fire, set up radio apparatus, estab- 
lish temporary check or key weather stations in the fire 
vicinity, and issue detailed forecasts of weather, wind, 
temperature, relative humidity, and other facters in- 
fluencing the choice of fire tactics and the ultimate con- 
trol of the fire. Forecasts will be of the short period 
type, issued twice daily, together with such special 
advices as may be required in connection with back- 
firing and similar operations. : 

After the close of the fire season in northern Cali- 
fornia, it is planned to station the unit at a ‘‘fire house” 


9 
= 
as 
d. 
nt 
ey 
al 
od 
of 
me 
the 
est 
gh 
as 
fa 
rth 
and | 
1 in 
yve- 
the 
for- 
the 
yuld 
and 
nass 
the 
in a q 
OF 
teau 
in 
, are 
gion 
» the : 
order 
m of 
re an q 
ticu- 
te as a 
Jones 
o the 
over 
anti- 
> the 
th 
ad- 
pance 
eavy 


378 MONTHLY WEATHER REVIEW 


or permanent base in southern California to give service 
on Tate fall fires common in that part of the State. 

The unit will be operated for an experimental period 
of two fire seasons, the mobile equipment being supplied 
by the United States Forest Service, the apernieng 
expenses being paid by the California State Division o 
Forestry and the operating personnel and radio and mete- 
orological equipment being supplied by the United 
States Weather Bureau. 

If this novel plan is successful, and no insurmountable 
obstacles are now apparent, it is probable that three such 
units will be operated in California, one each in the 
northern, central, and southern parts of the State. The 
applicability of this plan to other forested areas in the 
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far West is evident, since the weather data as broadcast 
from station NPG, on the reception of which the plan 
depends for success, can be copied almost anywhere 
west of the Mississippi. The fire agencies of British 
Columbia are much interested in the working out of 
this plan, and if successful in this State, consider it 
desirable to adopt it for their region, equipping launches 
instead of automobile trucks. 

This plan will be on trial during the next two fire 
seasons in California. Past experience with this system 
on large going fires shows the plan to have much promise. 
We have reason to believe that successful operation of the 
system will be of far-reaching importance and application 
to organized fire protection work. 


THE RECORD OF EVAPORATION STATIONS IN CALIFORNIA 


By Ernest E. Extunp 


[Weather Bureau Office, San Francisco, Calif., June 21, 1929] 


Of the various climatic factors that have always an 
important, and sometimes predominant, influence on the 
economic development of a nation, state, county, or city, 
evaporation is one of more than academic interest 
throughout the semiarid Southwest, and particularly in 
California. Here the development of intensive farming 
and of hydroelectric power is dependent upon an average 
seasonal precipitation of approximately 25 inches, occur- 
ring during a few winter months. The snow pack that 
accumulates in the higher mountains during the winter 
is equivalent to an immense reservoir that keeps many 
streams flowing through all or part of the practically rain- 
less summer, and in addition many huge reservoirs have 
been constructed to supply water for civic uses, for oper- 
ating hydroelectric power plants and for irrigating many 
thousands of acres of farming land. A large portion of 
the water impounded, and of that distributed over the 
land in irrigation, is lost by evaporation. For this reason 
the question of evaporation becomes of considerable im- 
portance in the economic development of California. 

The first evaporation measurements made in Califor- 
nia, of which we have a record, were begun in 1881 at 
Kingsburg by the State department of engineering, but 
the first measurements of evaporation undertaken by the 
Weather Bureau were those made 20 years ago at Salton 
Sea and at auxiliary stations. It was not until 1918 that 
stations were established on a permanent basis with the 
standard class A equipment, now in use. At that time, 
records were being made at Lake Tahoe, using a floating 

an, but in 1918 three stations were established, using 
and pans according to the present Weather Bureau 
standard. Two of these stations have been in operation 
ever since; one was closed of necessity in 1923. In 1924 
and in 1925, two additional stations were established, 
making five stations cooperating. with the Weather 
Bureau at the present time. 

More than the usual number of requests for evapora- 
tion data were recently received at the San Francisco 
Weather Bureau Office and, as it was known that some 
evaporation records had been made or were being made 
in California without the cooperation of the Weather 
Bureau, efforts were made to learn what additional 
records might be available. A card was mailed to all 
California addresses that received Climatological Data— 
California Section. The card read: ‘‘The Weather 
Bureau is desirous of obtaining information relative to 
evaporation measurements in California that have been 
made, or are now being made, without the cooperation of 
the Weather Bureau. If you know of any such evapora- 


tion records, kindly give the information requested in 
the blank spaces below, and mail this card which requires 
no postage.”” The blank spaces were for the names and 
addresses of the persons making and reporting the 
observations. The response was immediate and gratify- 
ing. Many of the returned cards related to evaporation 
records, but the majority offered the use of other kinds 
of records or reported ‘‘no records known.” The cards 
were followed up by circular letters and questionnaires 
addressed to the persons who were reported as having 
made evaporation measurements. 

From the information thus obtained, a table has been 
compiled, the stations being arranged approximately in 
geographical order from north to south. In the table 
are included a few stations that are beyond the borders of 
the State but which may be considered as having the 
same climatic characteristics as the adjacent portions of 
California. The table is known to be incomplete but con- 
tains some information about most of the evaporation 
records that have been made in California. Unless 
otherwise stated, the evaporation was measured from 
fresh water. No attempt has been made to collect the 
actual records, for to assemble them in a manner that 
would render them useful would be practically impossible. 
Any attempt to correlate all of them would be hopeless, 
due to the great dissimilarity of equipment and methods 
and, in some cases, to the lack of specific information as 
to the conditions under which the measurements were 
made. A map is also presented (not reproduced), on 
which the stations are numbered as in the table, but all 
records made in any given locality are listed under one 
number. It is interesting to note on the map that the 
stations are most numerous in those sections of California 
where irrigation and power projects have reached their 
highest development; also that they are numerous in the 
extreme southern portion where precipitation is compara- 
tively light, and totally lacking in northwestern California 
where precipitation is heaviest. 


Why have so many evaporation measurements been‘ 


made in California? The factors determining evapora- 
tion from free water surfaces are generally agreed upon 
by physicists, meteorologists, and engineers but, despite 
the fact that the laws of evaporation have been investi- 
gated for centuries, a satisfactory method for computing 
the evaporation from a water surface already existing, or 
from such a surface to be created by constructing a reser- 
voir, has been hard to find, and opinions still differ as to 
the proper method of measuring evaporation from a free 
water surface. Great variations in temperature, relative 
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humidity, wind movement, elevation, and other climatic 
influences are to be found in California, and many of the 
evaporation measurements in California have been made 


hydraulic engineers in an effort to make proper 
wance for evaporation losses from a reservoir to be 


constructed. In some cases the measurements have been 
made to determine whether the losses in a water system 
were due to evaporation from the reservoir or to other 


eauses, such 


as seepage or pi 


-line leaks. 


Also con- 


fronting the hydrologist are other problems wherein he 
must consider evaporation, whether it be from snow, 
fresh water, brine, moist soil, or vegetation. In the com- 
mercial production of certain chemicals from mineralized 
deposits or waters, evaporation is highly important, and 
some of the evaporation records in California have there- 
fore been made by chemical engineers. 
Another group of observations has been fostered by 
agricultural interests, for use in various problems relating 
to irrigation practice, the water requirements of crops and 
to plant pathology. A few experiments have been made 
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by physicists searching for more knowledge of the laws of 
evaporation or attempting to correlate records obtained 
from dissimilar types of equipment. A notable example 
of work of this kind is to be found in the experiments 
conducted at the California Institute of Technology at 
Pasadena by Prof. N. W. Cummings and others. it is 
claimed that a method for computing evaporation from 
a large water surface was devéloped as a result of these 
experiments. 

hus far there has been little sneasetion among the 


several interests concerned in the maki 


of evaporation 


records. In general, where sufficient time could be 
allowed, each person requiring evaporation data has set 


out to obtain them by actual measurement. 


No doubt 


helpful data could have been found had one known where 
to look, but until now no attempt has been made even to 


list the records that have already been secured. 


In this 


way, it is believed the table and map that have been pre- 
pared will be found of value for reference purposes. 
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! Atmometers are in use at a number of Forest Service stations but only 2 representative stations are listed. 


Duration 
Station Records made by— Equipment Remarks 
From— To— 
Klamath Falls, Oreg..__...- Calif.-Oregon Power Co____......- August, 1921...) Present..._....- Floating pan, 22 by 42 inches, | Records at Office of U. 8. Geo- 
circular, submerged 13 inches. logical Survey, Medford, Oreg. 
A. Canal, Klamath Falls, | Reclamation Service.---.......... san 4017.-....- June, 1918____... Floating pan, 10 inches by 4 feet, | Original records at Office of Bureau 
Oreg. circular. a Klamath Falls, of 
reg. 
Lower Lost River Diversion February, 1924..| November, 1925.| Floating inches by 3 feet, Do. 
Dam, Oreg. circular, submerged 4 inches. 
(Modoc County),}____- April, 1911._-.-- November, 1913.| Floating Do. 
May, 1916......- August, 1923... Floating pan, 10 inches by 4 feet, Do. 
circular. 
Forest July 4, 1925. Oct. 10, 1925_.... Porous cup atmometer (distilled | Original records at office of Forest 
water). Service, Yreka, Calif. 
Fall River Mills (near)_.... Pacific Gas & Electric Co. and |____-. Pe Class A, Weather Bureau stand- Published in Climatological Data— 
Weather Bureau. ard. California section. 
do... Floating pan, 10 inches by 4 feet, | Records at Weather Bureau Office, 
circular. San Francisco, Calif. 
Great Western Power Aug. 1, Floating pan, 18 inches by 3 feet | Records private property. 
square, painted white. 
do... Aug. 6, Pan, 3 by 3 feet, circular, embed- Do. 
ded in ground. 
Big Meadows do... ich Floating pan, 18 inches by 3 feet, Do. 
square, painted white. 
do... Mar. 27, Pan 3 by 3 feet, circular, embed- Do. 
: ded in ground. 
Butte Valley do... re Floating pan, 18 inches by 3 feet, Do. 
square, painted white. 
U. 8. of Agriculture | Tanks set in ground (moist soil).-| Records summarized in Experi- 
and University of California. ment Stations Bulletin No. 177. 
Dodgeland Dodge Land Co. and Weather | Sept. 21, 1918_...| December, 1922.| Class A, Weather Bureau stand- | Published in Climatological Data— 
Bureau. ard. California section. 
Biggs- United States rice field station_...| 1913 (April to | 1925 (April Tank set in ground.__...........-. Original records at United States 
October). October). rice field station, Biggs, Calif. 
Norman (near) University of 1919. -| Pan, 18 by 20 inches, Records at division of irrigation, 
—- of agriculture, avis, 
East Park Reservoir. ....... Bureau of Fiestas pan, 10 inches by 4 feet, Records on file with Bureau of Rec- 
Is amation. 
Geological Survey and Reclama- | Floating pan, 2 inches by 8 feet | Records summarized in Engineer- 
tion Service. square. ing News, Feb. 29, 1912. 
Sad wi do. Weather Bureau --._...............| July, 1916.......| Present.......--| Floating pan, 10 inches by 4 feet, | Published in Climatological Data— 
circular. Sect'on; also Nevada 
ction. 
of agriculture, avis, 
Davis. . 1911 (summer 1918 (summer | Specially designed tank, em- Do. 
only). only). bedded in ground. 
tinabs do._......---------------].....d0....-..--.-------------------| Aug. 2, 1924.....] Oct. 3, 1924......| Specially designed tank (moist | Original records at engineering 
soil). office, Bureau of Public Roads, 
a Building, Berkeley, 
Point Reyes....--.--.------- Weather Bureau.-..-...........-- July 21, 1910_._.. Nov. 4, 1910_..-. Evaporometer; 2 pams.._........-- Record unsatisfactory due to high 
winds, 
University of California and U.S. | Tanks set in Results summarized in Experi- 
Department of Agriculture. ment Stations Bulletin No. 177. 
Oakdale (near) -......--.----- South San Joaquin irrigation dis- | Mar. 1, 1918_.... Present......... Class A, Weather Bureau stand- | Published in Climatological Data— 
trict and Weather Bureau. ard. California Section. 
do..... ---------------| June 11, 1921.._.| Sept. 25, 1921....| Floating pan, 10 inches by 4 feet, | Records at Weather Bureau Office, 
circular. a Calif. (not pub- 
Lake City and county of San Francisco-.| July, September, Records at office of water resources 
branch, U. 8. Geological Survey, 
San Fran 
(and Warner) Reser- | Modesto irrigation district. ....... Floating pan, 18 inches by 3 feet, See Engineering News, Aug. 12, 
voir. square. 
Don Pedro Reservoir_....... Tye nat Modesto irrigation | Apr. 13, 1924....| Present......... mmr Dan, 15 inches by 3 feet | Records at office of Turlock irriga- 
a y 


tion district, Turlock, Calif. 
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Duration 
Station Records made by— Equipment Remarks 
From— To— 
26 | Alvarado (near)_..........-. Leslie-California Salt Co. and | Aug. 1, 1924__._- Present__......- Class A, Weather Bureau stand- | Published in Climatological Data— 
Weather Bureau. ard. California Section. 

72 | Calaveras Reservoir__-.-..-- Spring Valley Water Co__._____.-- March, 1915._.-- June, 1918......- 2 floating pans, 18 by 47 inches, | Records in engineering de 

circular, painted black. ment, Spring Valley Water Co., L 
. San Francisco, Calif. 

28 | Mountain View (near) ---.-- University of California_-..-....-.- Sept. 1, 1921.....| Jan. 1, 1923.....- Tank, 3 by 3 feet, circular, em- | Records at division of irrigation, 
bedded in ground. —_ of Agriculture, Davts, 

30 | Coyote Edwin Duryea, ll 12 inches by 3 feet square.| Sum tummerised Engineering News, 

Bo. 1, Weber Dam site 
No. 2, Lower Gorge (land). 
3, Bailey Avenue (land) 
o. 4, Laguna Seca, north d).. 
Ne. 5, Laguna Seca, west (land) 
* 6, Laguna Seca, west (float- 
No 7, Laguna Seca, east (floating) - 
No. 8, San Felipe Dam (land)--_.-- 
No. 9, San Felipe Reservoir (land) - 
No. 10, Upper Gorge (land) 
No. 11, Upper Gorge ere. 
Si | Baw TAN... 64.5. edi San Joaquin Light & Power Cor- | 1912_......_..._-. Present......... Floating pan, 18 inches by 3 feet, | Records at office of San oe 
poration. square. gone Corporation, 
resno, Calif. 

California Edison Co. considers 
record unreliable. 

on surface of groun 
34 | Independence (near). --...--- Charles H. Lee for city of Los | August, 1908....| May, 1911.......; Pan, 10 inches by 3 feet, square, | See Transactions Amaiog: Soviet 
Angeles. on ground. of Civil Engineers, V - 
VIII (1915). 
a od inches by 3 feet, square, 
Tank. 4 feet by 3 feet 6 inches, 
circular, embedded in ground. 
Independence (near) June, May, 1911....... Tanks, 6 feet 6 inches by 7 feet 5 Do. 
inches, circular, embedded in 
ground (moist soil). 
35 | Soldier’s Camp (near Lone | University of California and U.S. | 1905__._......--- ee ee Tanks set in ground-----........- See Office of Experiment Stations, 
Pine). —— of Agriculture. Bulletin No. 177. 
36 | Owens Lake---...-......---. les H. Lee for city of Los | 1905__........_.. | Ieee Owens Lake basin considered as | Summarized in Monthly Weather 
Angeles. an evaporation pan; results Review, February, 1924. 
checked by Owens 
Lake brine in la 
37 | Kingsburg (near) ---.--.---- California State Engineering De- | November, 1881.} Octtober, 1885__| Floating pan, 15 inches is 3 feet, | See Physical Data and Statistics, 
partment. square. 1886, published by State of 
California. 
Pan, 15 inches by 3 feet, square, 
set 10 inches into ground. 
ee University of California and U. 8. | 1903_........---- Ee Tanks set in ground (also moist | Summarized in Office of Experi- 
Department of Agriculture. soil). ment Stations, Bulletin No. 177. 

American Trona Corporation - ---- Mar. 24, 1920....} Oct. 1, 1920._... Pan, 10 inches by 4 feet, circular, | Records private property. 
on surface of ground (also brine). 

40 | Little Bear Valley_........-- Arrowhead Reservoir Co....-.-..- March, 1895_...- May, 1897_.--.-- 3-foot pan floating in concrete | See Journal of Electricity and 
basin, surrounded by 1 foot of Western Industry, May 15, 1921. 
water (also snow). 

41 | Mount Wetest Indefinite pe-j| Indefinite pe- | Porous cup atmometer (distilled | Records at office of U. S. Forest 
rae. summer soe summer water). Service, Los Angeles, Calif. 
only. only. 

| California Institute of Technology-| June 23, 1926...-| July 3, 1926_...-- Tank, 5-foot, cubical; See Physical Review October 1927, 
inches by 3 feet, square perboth vol. 30, p. 527, and Bulletin No. 
insulated). 68, National Research Council. 

43 | Pomona University of California and U.S. | Tanks set in See Office Stations 

of Agriculture. 177. 

eights 

Bureau of Plant Industry Mar. 16, 1923....| Present. Porous cup atmometer, (distilled | See (1) Vol. VI, No. 3, 
water). July, 1925, (2) iia 

Vol. XV, "No. 8, 
Records made on slenflor plan at 
Shafter, Watsonville (1925 only) 
and near Torrance, Calif. Un- 
published records at office of 
cotton, truck, and forage crop 
disease investigations Bureau of 
Plant Industry, Washington, 
—eo do....-------------------! Citrus Experiment Station.......! October, 1924....|.....do_..........! Similar to class A Weather Bureau | Records at Citrus Experiment 

ee =e pan is 2 feet Station, Riverside, Calif. 
ve 

45 | Whitewater Valley County water | January, 1920....| January, 1921...) Pan, 18 in 3 feet, Records private property. 
set 16 inches into groun 

2 ee eae Weather Bureau = to | October, 1907....| November, 1907.| Pan, 6-foot, circular, on ground....| See monthly Weather Review, 

Salton Sea experiments) February, 1910. 
July, 1908-_...... November, 1908_ 2-foot, circular, on 10-foot Do. 
wer 
var do..........-.-.---------| United States date garden........| Jan. 1, 1923_.....] Present.........| Pan, 15 inches by 3 feet by 8 feet, | Records at United States date 
on ground. garden, oe Calif. 

Weather Bureau (auxiliary to | July, 1908_...._- November, 1908-|} Pan, 6-foot, circular, on ground....| See monthly Weather Review, 

to Salton Sea experiments). Pan, 2-foot, circular, on 10-foot | February, 1910. 
wer. 

Weather June 14, 1909...) Nov. 1, 1909....-. 4 towers, with pans, 2, 4, and 6- Do. 
foot, circular, at te heights 
above land and water. 

Weather Bureau (auxiliary to | Pan, 6-foot, circular, on ground-.-- Do. 
Salton Sea experiments). 
Pan, 2-foot, circular, on 10-foot Do. 
Sh Univesity of California and U.S. | Tanks set in ground.............. See Office of Experiment Stations 
Department of Agriculture. Bulletin No. 177. 


! Atmometers are in use at a number of Forest Service stations but only 2 representative stations are listed. 
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Duration 
Station Records made by— Equipment Remarks 
From— To— 
52 | Mexicali, Mexico.......- Primera Zona de Irrigacion-_...-.. July 13, 1923_.... Present. ........ Zine pan, 1.22 meters, circular, | Records available at office of 
above ground. de Irrigacion, 
exica. exico. 
53 | Bard Bureau of Plant Industry Tank, 30 inches by 6 feet, circular, | See published reports of the work 
embedded in ground. . of the Yuma experiment farm. 
54 | Yuma, of Arizona and | July1, Class A, Weather Bureau standard |} Published in Climatological Data— 
Weather Bureau. Arizona Section. 
55 | Yuma, Ariz. -----do .-| September, 1920-|.---- Do. 
56 | San Luis Rey Valley.......- Geological 1988, Entire valley considered as an | See Water Supply No. 446, 
evaporation pan. Geological Sur- 
vey 
57 | Lake Hodges Dam-_.---.. San Dieguite Mutual Water Co_..| 1914............- Present... ....... Pan, 18 inches by 3 feet, square, | Now under control of City of San 
set 12 inches into ground. Diego, Calif. 
58 | Cuyamaca Reservoir-----.... Cuyamaca Water Co. 1913. Laalewsgd MOS < ccnadad Pan, 18 inches by 3 feet, square, | Records available at office of La 
set 16 inches into ground. Mesa, Lemon Grove and Spring 
ee tion district, La 
esa, Calif. 
59 | Murray Reservoir do 1912. .-| January, 1928...| Floating pan, 18 inches by 3 feet, Do. 
square, subm 12 inches. 
60 | Sweetwater Dam...........| Sweetwater Water Corporation. 1889............- Floating pan, 18 inches by 3 feet, available at company 
square. office, National City, Calif. 
61 | Chula Vista.......-..-..- Western Salt Works and Weather | Sept. 1, 1918.....| Present..._..... Class A, Weather Bureau stand- | Published in Climatological Data— 
ureau. ard. California Section. 
62 | Morena Dam..........-. City of San Diego...-......--..--- November, 1915_|.---- SRST ie BE: Floating pan, 18 inches by 3 feet, | Records in operating department, 
square, submerged 16 inches. ee hall, San Diego, Calif. 
do. --------------------| August, Pan, 18 inches by 3 feet, square, 0. 
embedded in ground. . 
63 | Barrett August, 1923. ...|----- Floating pan, 18 inches by 3 feet, Do. 
i square, submerged 16 inches. 
embedded in ground. 
64 | Upper Otay Dam April, 1916.....- July, 1921. ...... Floating pan, 18 inches by 3 feet, Do. 
square, submerged 16 inches. 
August, 1925....| Present.-....... Pan, 18 inches by 3 feet, square, Do. 
ber, 1915.| December, 1915 eae nF inches by 3 feet 
ovember, - mber, pan mehes Dy 
65) Lower Otay Dam square, submerged 16 inches. } Do. 
August, 1925 do. Pan, 18 inches by 3 feet, square, Do. 
embedded in ground. 


NOTES, ABSTRACTS, AND REVIEWS 


Anders Angstrém on the atmospheric transmission of 
sun radiation and on dust in the air,' by H. H. Kimball — 
The author remarks that the overwhelming interest of 
Smithsonian Institution investigators in variations in the 
solar output of radiant energy is perhaps responsible 
for the comparatively slight use that has been made of 
their valuable data on atmospheric transmission in 
detailed studies of the way in which the atmosphere acts 
on the radiation that penetrates it. For example, during 
the years 1923-1928, while the range from minimum to 
maximum in the annual mean values of the solar constant 
has been only about 0.5 per cent, the range in correspond- 
ing annual amounts of solar radiation reaching the 
surface of the earth at Stockholm has been 25 per cent. 

Three general ways in which the atmosphere depletes 
radiant energy passing through it are given as follows: 

(1) Selective absorption by the gases of the atmosphere. 

(2) The scattering or diffusing effect of the atmosphere. 

(3) The scattering by atmospheric dust. 

The loss by reflection from cloud surfaces is not here 
considered. 

_ The major part of the loss by selective absorption 
is due to the absorption in the infra-red part of the 
spectrum by water vapor, the relation of which to surface 
water-vapor pressure has been determined by Fowle. 
Likewise, the scattering by gas molecules may be com- 
ped by means of Rayleigh’s equations as modified by 


The law of the scattering of radiant energy by atmos- 
pheric dust is not so well known. The expression for 


Scattering by gas molecules contains the expression wv 


where ) is the wave length of the radiant energy. It has 
generally been assumed that scattering by dust is inde- 
pendent of the wave length, but since dust particles 


' Geografiska Annaler 1929, H. 2. 


vary greatly in size, Angstrém concludes that in the 
expression for scattering by dust the exponent of 
must be greater than 0 and less than 4, and that the 
scattering may be expressed by =f. 

From computed values of the transmission for dust- 
free air for wave lengths free from selective absorption, 
and observed values of the transmission at different 
places for the same wave lengths, Angstrém computed the 
values of a and 6 given in Table 1. 


TABLE 1.—Data on scattering of solar radiation by dust 


Alti- | Average condi- 
tude tions 1921 
Stations above Authority 
sea- 
Meters 
Washington. 35 |} 0.098 Smithsonian Institution. 
35 | (.090)} (.70)| 0.362] 0.515 | Lindholm, 1912. 
Bassour. 1, 160 031 1, 22 255 .53 | Smithsonian Institution. 
Hump Mountain_| 1,500 . 031 1.33 Do. 
Mount Wilson-...| 1,780 018 1. 26 205 -70 Do. 
2, 250 023 Do. 


The author points out that 6 is the scattering by dust 
for radiation at \=1 micron without regard to the value 
of a. Also, if the depletion due to scattering by dust 
were independent of \, a should equal zero. Actually, 
however, Table 1 shows that under average conditions a 
varies but little from 1.28 over a wide geographical range, 
and at widely different altitudes, and that the haze 
caused by the eruption of Katmai Volcano in June, 1912, 
increased the value of 8 about tenfold, and greatly re- 
duced the value of a. 

From the values of a in Table 1 it appears that the 
size of the dust particles is independent of height above 
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sea level. This is contrary to measurements of the diam- 
eters of dust particles collected by means of an Owens 
dust counter by Mr. Hand during airplane flights up to 
10,000 feet. It must be remembered, however, that in 
general such dust as is present in the atmosphere at a 
lace like Calama, Chile, for example, is principally of 
ocal surface origin, and should not differ in size from sur- 
face dust at sea level. 


Angstrém’s determinations fix the average diameter of 
atmospheric dust particles under normal conditions at 
about 1 micron, and indicate a considerable increase in 
diameter in August, 1912, when the source of the dust 
was principally the explosive eruption of Katmai Vol- 
cano in Alaska. From the width and angular dimensions 
of Bishop’s ring, which has been shown to result from the 
diffraction of light by volcanic dust, the diameter of these 
dust particles has been computed to be 1.85 microns. 


Angstrom also finds that the variation in the value of 6 
with height may be expressed by the equation = 8, e~**" 
where 6=0.69 X 10-5; and, similarly, that the vertical va- 
riation in the number of atmospheric dust particles, as 
determined by Hand’s measurements, may be expressed 
by the equation N,=N, e~**®, where ¢=0.7X10-5. It 
will be noted that the exponent of e in the two equations 
is practically the same. 


Adopting for 8, and N, the values 0.094 and 400, re- 
spectively, or approximately the mean of their respective 
values for Washington and Upsala, Raeitian derives for 
> N, the number of particles in a vertical column 1 
square centimeter in cross section, the value 5.6 X10’ 

e also derives the general expression 8 = 1.79 X10-° = N. 
From this Jatter the monthly mean values of 8 have 
been computed for Washington. They show a marked 
annual variation, with a maximum of 0.157 in May and 
a minimum value of 0.051 in November and December. 
As the author states, this does not agree with the annual 
variation in the number of dust particles found at the 
surface; but when we consider the probable value of the 
monthly means of = N we must take into account the 
difference in vertical distribution found by airplane 
measurements in August and November. Therefore, 
since convection is most active in late spring and early 
summer, and least active in late fall and early winter, 
there is nothing incongruous in the annual variation of 8. 

Summarizing, a more accurate way seems to have been 
found for computing the solar-spectrum energy distribu- 
tion at the bottom of the atmosphere, except in the 
ultra-violet, where actual measurements are required. 
Also, the size of the dust particles as indicated by the 
value of a should be a clue to their source. For example, 
dust particles of volcanic origin appear to be larger than 
dust particles from the surface of the ground, while 
cosmical dust particles, which are thought to have been 
observed at times of sunspot maxima, probably are 
smaller. 

Temperature distribution up to 25 kilometers over the 
Northern Hemisphere.—K. R. Ramanathan, meteorological 
department, Poona, India, has published in Nature 
(London), June 1, 1929, a very interesting chart showing 
the distribution of temperature up to 25 Siibnetars over 
the Northern Hemisphereforsummer and winter. (Fig. 1.) 
The broken lines (except that for 0° C.), the author states: 

Are based on very few observations, and are therefore mainly 


conjectural. The principal features of the diagram may be briefly 
summarized. 


(1) The stratosphere is not isothermal over any particular place, 
but above a certain level there is a tendency for the temperature 
to increase with height. 


SEPTEMBER, 1929 


(2) The coldest air over the earth, of temperature about 185° A., 
lies at a height of some 17 geodynamic kilometers! over the Equator 
in the form of a flat ring surrounded by rings of warmer air. 

(3) The surface of the tropopause has a relatively steep slope 
toward the pole between latitudes 30° and 50° in summer and 
between 25° and 45° in winter me 

(4) The ring of lowest temperature at the tropopause is displaced 
toward the summer hemisphere. 

(5) There is a ridge of high temperature in the tropopause be- 
tween latitudes 20° and 40° north in summer corresponding to the 
ridge of high pressure at 8 kilometers over those latitudes. (See 
Sir Napier Shaw’s chart of 8 kilometers isobars in July , Manual of 
Meteorology, vol. 2, p. 262.) 


A comparison of this chart has been made (by the 
reviewer) with the results of some recent aerological 
observations made in this country which were not included 
in the data comprising the chart. The average height and 
temperature of the tropopause as determined from a 
sounding balloon series made at Royal Center, Ind., in 
May, 1926, and at Groesbeck, Tex., in October, 1927, are 
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FIGURE 1.—Distribution of ee to 25 kilometers over the Northern 
emisphere 


found to be in close agreement with the data depicted. 
These values are indicated at the corresponding points on 
the chart. 

There are also indicated for comparison purposes the 
average temperatures at various heights as determined for 
summer and winter from kite observations made at four 
aerological stations in the United States, viz., Ellendale, 
N. Dak., latitude 45° 59’; Drexel, Nebr., latitude 41° 20’; 
Broken Arrow, Okla., latitude 36° 02’, and Groesbeck, 
Tex., latitude 31° 30’. While all of the latter do not 
coincide with the smoothed isotherms of the diagram, 
the general agreement is good, and the differences found 
are undoubtedly real and due to the greater extremes in 
temperature found in continental United States as com- 
pared to Europe.—L. T. Samuels 

How high is the ozone layer?—By Charles Fitzhugh 
Talman.—For many years it has been known that a 
relatively large amount of ozone is present at high levels 


1 The following quotation from Manual of Meteorology, Volume 2, p. xx, by Sir Napier 
Shaw, will explain what is meant by geodynamic kilometers: “There is a good deal of 
laxity about the use of the word height, of the same kind as that of the aeronauts who 
graduate a pressure instrument to read what they call height. For example, V. Bjerk- 
nes and others would express the height of a point in the atmosphere by the geopotential 
at the point, calling the quantity expressed the dynamic height. We reproduce from the 
Avant Propos of the Comptes rendus des jours internationauz, 1923: ‘The relation of the 
geopotential at any omy to the geometric height of that position h and the gravita- 
tional acceleration gisT!'=/ gdh. The valueis governed accordingly by the local value of 
gravity depending on the attraction of gravitation and the rotation of the earth, but not 
to ny appreciable extent upon the condition of the atmosphere at the time of obser- 
vation.’”’ 
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in the atmosphere, while only insignificant amounts are 
ever found, under natural conditions, near the earth’s 
surface. The total amount present over any region can 
be measured, since the ozone absorbs sunlight of certain 
wave lengths and the amount of absorption can be deter- 
mined with the spectroscope. On an average, it is found 
that the amount of this gas is such that, if it were under 
a pressure of one atmosphere and at a temperature of 
32° Fahrenheit, it would make a layer about 0.12 inch 
thick. The actual amount is, in general, much greater 
in high latitudes than in low latitudes, and outside of 
the Tropics it is subject to rather wide variations, some 
of which appear to be connected with weather changes 
and have been the subject of much discussion. 

A number of recent measurements have been made of 
the height of the ‘“‘ozone layer” in the atmosphere. The 
method consists of measuring the absorption of sunlight 
due to ozone both when the sun is high and when it is 
low. The amount of absorption will vary with the 
length of the sunlight’s path through the absorbing layer. 
When the sun is high the length of path through the layer 
will be the same whether the layer is high or low. When 
the sun is low (i. e., near sunrise or sunset), the path 
through the ozone layer will, on account of the curvature 
of this layer conforming to that of the earth, be longer 
if the layer is low than if it is high. 

These measurements indicate that the average height 
of the ozone layer is between 25-and 30 miles. There is 
some evidence that its height varies, to a certain extent, 
with seasons and otherwise. 

(All rights reserved by Science Service, Inc.) 

Is the semidiurnal barometric variation an electric 
phenomenon?’—Prof. Fernando Sanford, in an article 
with the above title in Science, April 19, 1929, suggests 
that there is a very important relationship between the 
semidiurnal barometric variation and the semidiurnal 
electrometer variation. The method of presentation is 
graphic, and as the graphs can not be reproduced here, 
only a brief summary of the conclusions can be given. 

Meteorologists have long felt that the 12-hour pressure 
variation, because it follows true local time, must be 
caused by some agency that does not affect the other 
meteorological elements, but hitherto no such agency 
has been discovered. Experiments with especially in- 
sulated electrometers have shown that ‘any insulated, 
unelectrified body near the surface of the earth, even if 
inside a closed hollow conductor, will be attracted twice 
daily by the electric charge of the earth, and it has 
seemed possible that the semidiurnal variation in baro- 
metric pressure may be due in some manner to this 
attraction. To test this surmise the diurnal variation 
im pressure as shown by the microbarograph was meas- 
ured and recorded for the same 20 days for which the 
electrometer defiections were recorded.” A graph of the 
two curves shows a considerable similarity between them. 

“One thing that seems certain,’ says Professor San- 
ford, ‘‘is that the semidiurnal barometric variation is 
caused in some manner by solar influence. This is 
shown by both its daily and seasonal variations. Also 
the semidiurnal electrometer deflection must be due to 
the sun, as it has both a daily and a seasonal variation, 
being of greatest amplitude at the equinoxes and least 
at the solstices. In this respect it agrees closely with the 
semidiurnal curve. * * * 

“There seems to be no reasonable doubt that the cause 
of the electropositive condition of the earth and the 
electronegative condition on the night side are due to the 
Teo induction of the sun’s negative charge.”— 


MONTHLY WEATHER REVIEW — 383 


Investigation of the oscillations of the general circulation 
(conclusion)'—By A. Wagner, Innsbruck, Austria —'The 
decades 1886-1895 and 1911-1920 were investigated 
with relation to change in the distribution of the different 
meteorological elements over the whole earth. These 
changes, represented in five charts, show the following: 

1. The contrasts in air pressure, as they appear from 
the distribution of mean values over the earth’s surface, 
are heightened in the latter decade. This leads to the 
conclusion of a uniform intensification in the general 
circulation. The cause thereof is most probably the 
greater permeability of the atmosphere for short-wave 
radiations in the decade 1911-1920 (fewer eruptions of 


etc., by volcanoes). 


2. Coincident with the intensification in the general 
circulation was a rise of about 3° C. in the mean tempera- 
ture of the land surface and the continental shelves in 
agreement with the theoretical judgment of A. Defant. 
On the other hand, the surface of the deep sea probably 
became generally colder; the increased intermixing of the 
water surface, which parallels the intensification of the 
general circulation, is to be viewed as the cause of this. 

3. Outside of narrowly limited regions with opposite 
anomaly, for which an explanation is found in local 
influences, the amplitude of yearly temperature became 
greater in the equatorial zone but smaller in the extra- 
tropical regions. The condition for the limiting line of 
this zone is the relation: Yearly oscillation of insolation = 
yearly oscillation of outward radiation. On account of 
the heat of vaporization (of water) the width of this 
equatorial becomes smaller, espegially over the seas, in 
agreement with the facts of observation. 

4. Apart from some local exceptions, the phase of the 
yearly temperature march was retarded in a wide equa- 
torial zone and advanced in the extratropical regions; 
the limiting line is given by the condition: Mean insola- 
tion=mean outward radiation. Here, too, on account 
of the heat of vaporization the width of this equatorial 
zone becomes smaller; from observations there are found 
as the mean latitudes of this limitation the parallels of 
35° N. and 32° S. 


5. Just as the pressure contrasts have heightened, so 
have the contrasts in the distribution of precipitation 
been increased; increased precipitation in the zone of 
equatorial calms, diminished precipitation in the horse 
latitudes, and heavier precipitation in the higher lati- 
tudes having west wind drift. 

The well-outlined relations between the force of the 
general circulation and the distribution of the several 
meteorological elements give a very clear and connected 
picture that is readily understandable from a physical 
viewpoint. In the study of these results and in the 
attempt to explain the different attendant phenomena in 
a consistent physical manner with relation to the general 
circulation, there arose a series of related problems to 
which I endeavored to find answers that are at least 
qualitatively correct. However, there yet remain in the 
locally limited anomalies different uncertainties in the 
given explanations, and these leave a more detailed local 
investigation desirable. 

6. A whole series of correlation factors already well 
known is compared with the indications of the charts, and 
in by far the greater number of cases confirmation is 
found. The value of these correlation factors for fore- 
— purposes appears to rest solely on the fact that the 
general circulation shows a considerable tendency to 
maintain its condition. 


1 Geografiska Annaler. 1929. Heft I, pp. 80-82. 
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7. It appears that both the influence of a changed solar 
constant and also that of the 11-year sun spot period on 
the distribution of the meteorological elements over the 
earth can be explained by uniform oscillations of the 
general circulation. In this it must be assumed, however, 
that an increased relative sun spot number as well as an 
increased solar constant corresponds, as the result of the 
coincident increase in the turbidity of the atmosphere, to 
a lessened insolation and so to a diminished intensity of 
the general circulation. 

It would be of interest to investigate how the relations 
change in the course of the seasons. One of my students 
has nearly completed a paper relative to this matter and 
has divided the decades used here into summer, winter, 
and transition seasons. An additional investigation 
proposes to set forth the transition from -wcrmagyy | means 
to the decade means taken as a basis here. For this 
purpose my assistant, E. Ekhart, is studying the decade 
1911-1920—for the present the distribution of pressure 
and precipitation—and with the use of a considerably 
greater number of stations he is able to determine what 
departures from the average conditions here given occur 
in the individual years. The work will appear in a short 
time in Abhandlungen des Preuss. Meteorol. Institut. 
A further investigation, that of lustrum values for 
1885-1920, is in view, but for this a great amount of 
calculating must be deone.—Translated by W. W. Reed. 

City air—‘‘A sermon in soot,” by Arnold H. Kegel, 
M. D., commissioner of health, Chicago, published in 
The Aerologist (September, 1929, vol. 5, pp. 5-9, 59, 5 
ills.), effectively draws, attention to the ever-increasing 
dustiness of city air and its deleterious effect on health. 
While smoke abatement has reduced the combustible 
dust in the air and its tarry content, it has not stemmed 
the increasing dustiness. Sunshine records of January 
and February, 1915-16 and 1925-26, show a reduction of 
12 ~~ cent, which the author ascribes to the greater air 
pollution in the later year. The health department’s 
dust observations in Chicago show for 20 stations an 
average of 124.6 tons of insoluble solid matter per square 
mile per month in 1925, with an extreme maximum of 
460 tons per square mile in the loop district oae winter 
month. The minimum was 13.4 tons at an outlying sta- 
tion in October, November, and December. For a 
rough comparison the dust tonnages of Pittsburgh, 161; 
Liverpool, 140; Chicago, 124; St. Louis, 93; and Cin- 
cinnati, 73, are presented. 

The author believes that Pittsburgh’s leading position 
in pneumonia death rate in 1928 is the result of that 
city’s unenviable extreme dustiness. A dweller in the 
Loop district, Chicago, would inhale a pound and a half 
of dust in the course of a year, according to Doctor 
Kegel’s computations. At least in the congested dis- 
tricts provision of washed air indoors, where the city 
dweller spends most of his time, appears essential as an 
immediate though only partial health measure, while 
general electrification of transportation and heating may 
be the only though remote means of reducing atmospheric 
pollution.—C. F. B. 

Attempts to induce rainfall.'—The Colony of Hong 
Kong has suffered from an unprecedented deficiency in 
rainfall during the 12 months ending June 30, 1929, with 
consequent distress to the population, owing to water 
shortage. 

_ Amongst the many suggestions received from the pub- 
lic by the local government was the proposition that 
powdered kaolin, sprinkled from airplanes above suit- 


! Reprinted from Nature, London, Sept. 28, 1929. 
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able clouds, would induce precipitation; the method was 
stated to have been employed with sucess in other coun- 
tries. After discussion with other government officials I 
made the following recommendation: 

I consider that the experiment might reasonably be attempted 
once. I have little doubt of its failure, but this avenue of relief 
may then be considered sufficiently explored and be definitely 
closed thereafter. 

My personal opinion is plainly expressed in the fore- 
going; had the government refused to countenance the 
experiment, however, there would have remained a feel- 
ing in the public mind that one possible solution of the 
water problem had not been tried. The experiment was 
made by the unit of the R. A. F. stationed here, and no 
precipitation occurred. 

The reports in the local press are now being com- 
mented upon by journals outside the colony, usually 
with the implication that this observatory was responsi- 
ble for the inception and conduct of the experiments. 
This was not the case; the experiments were authorized 
by the government to discount any subsequent criticism. 
No belief in a materially successful result was held by 
administration or its advisers, including my colleagues 
and myself.—C. W. Jeffries. 

Ocean currents the probable cause of the 3-year pressure 
cycle of the tropical South Pacific.—H. P. Berlage, jr., 
finds a striking sequence in departures of pressure or 
temperature across the Pacific Ocean, extending over 
some months, which he ascribes to the transfer of heat 
by ocean currents. The region from extreme northern 
Australia over New Guinea and eastern Java is an active 
center of high temperature and low pressure, in which 
the variations in temperature appear to dominate the 
greater or lesser degree of lowness of the pressure, while 
immediately outside this active area the pressure varia- 
tions emanating from the active center dominate the 
temperature. The compensatory area of high pressure 
appears to be centered near Easter Island in the eastern 
South Pacific. The variations in pressure at Port 
Darwin, representing the Australia-East Indian low, and 
at Juan Fernandez, in the eastern Pacific high, are prac- 
tically in opposition, except at the end of the southern 
winter. 

With the changes in pressure at these centers there are 
corresponding changes in the trade winds and, presuma- 
bly, in the speeds and temperatures of the ocean currents. 
There is a well-defined sequence of temperature depar- 
tures following the extremes of pressure in the north 
Australian low and the South Pacific high, reaching their 
maximum phases 2% months later at Iquique, 4 months 
later at Malden and Samoa Islands, and 7% months later 
at Manila. This progressive sequence is at about 33 
miles a day, a rate suggesting strongly the translation of 
temperature anomalies through the great ocean currents. 

There is also a sequence of pressure departures from 
Juan Fernandez to Port Darwin of one and one-fourth 
years for the negative departures and one and one-half 
years for the positive. Furthermore, when the depar- 
tures at Samoa are the same as at Port Darwin, the 
temperatures and pressures at Port Darwin hold much 
the same for some time beyond the period of usual 
change in the normal 3-year sequence, which is thereby 
lengthened. The persisting temperature effects of ocean 
currents seem also to be responsible for the continuance 
at Port Darwin of plus departures in late winter till 
midsummer and for the consequent assymetry of the 
3-year pressure curve, the fall being more rapid than the 


_ 1H. P. Berlage, jr., “Uber die Ursache der drei-jahrigen Luftdruckschwankung.” 
Met. Zeits., July, 1929, 46: 249-259, 4 figs. 
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rise. The correspondence or opposition of departures at 
widely separated stations simultaneously or after an 
interval of months, as well as the high correlation coeffi- 
cients, are strongly indicative of successful long-range 
weather forecasting.—C. F. B. 

Cool northeastern high ends hot spell_—The excessive 
hot spell in the northeastern United States the first days 
of September, 1929, was brought to an early close in New 
England by the typical development of a high pressure 
over the St. Lawrence estuary, New Brunswick, Me., and 
the Gulf of Maine. Over this cool water and near-by 
land, the pressure rose nearly 0.2 inch from the morning 
of September 3 to September 4. Half of this rise 
might have been expected from the movement of the 
northern tip of the southeastern high eastward, the other 
half of the pressure rise seems to have been due to the 
differential temperature of the cool region and the ex- 
ceedingly hot one close by to the southwest and west. 
The temperature at Father Point, Quebec, on the south 
shore of the St. Lawrence estuary, ranged from 46° to 56° 
F. September 3, while that at Northfield, Vt., ran from 
72° to 92° F. 

As the northeastern high developed, the cool air ran 
out from its center westward under the hot southwesterly 
wind, bringing a welcome relief to most of New England 
by the morning of September 4. In New Hampshire 
and southern Maine the cool sea wind running under the 
hot wind produced a dense, mammillated stratus cloud 
moving from the SSE. at a (mountain measured) height 
of about 2,000 feet that lasted throughout the 4th. At 
night scattered warm-front thunderstorms, probably 
formed in northern New York and southwestern Quebec, 
drifted by. 

The following day saw the atmospheric structure still 
more complex, for a slightly cooler north wind set under 
the now warmer (?) easterly wind from farther (?) out to 
sea, producing a still lower (1,500 feet) raggedly festooned 
stratus moving from the east. A light drizzle, increasing 
toward evening, fell all day in central New Hampshire. 
Presumably there was a fourfold layer structure to the 
atmosphere—the cool north wind at the ground, the cool, 
damp east to southeast wind next above, and the warm 
southwest and the cooler west to northwest winds at 
higher altitudes. With clouds at probably four levels, 
the day was the darkest one in a long time. 

September 6 saw the beginning of showery weather, 
with southerly wind and very low clouds but more 
changeable sky brightness as the warm front of the 
oncoming low approached. 

One of the unfinished minor a of the late Dr. 
C. LeRoy Meisinger was a stu y of these northeastern 
highs that ended hot spells in New England so much 
sooner than in the Middle Atlantic States. An aero- 
logical investigation that would show whether, and, if so 
how the heated expanded air from the eastern United 
States drifted northeastward and collected over the cool 
regions, thereby Reontente such highs should not only 
be full of interest but also very helpful in forecasting the 
termination of the excessive heat.—Charles F. Brooks. 

Probable origin of the cold wave in India, February, 
1929.—During the period January 28-February 3, 1929, 
an intense cold wave overran the whole of northwest 
and Central India, where surface temperature went 
down to about 12° C. below normal, several stations 
recording the lowest temperature in the last four or five 
decades. The results of a few soundings over Agra, 
which reached the stratosphere during and after the 
passage of the cold wave, ee to throw some light 
on the origin of the cold air. During winter the normal 
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height of the tropopause over Agra (latitude 27°) is 
about 14.5 geodynamic kilometers and its temperature 
is 206° A. (see Doctor Ramanathan’s ch 1, Nature, 
June 1, p. 834, reproduced on p. 382), while with the in- 
vasion of the cold wave the base of the Agra stratosphere 
came down so low as 11.5 geodynamic kilometers and 
its temperature rose to 213° A. The conditions in the 
Sake and the stratosphere over Agra during the 
cold wave were similar to those normally found at about 
latitude 40°. The trajectories of pilot-balloon flights up 
to 6 kilometers indicate that the cold air came from the 
northwest. It would thus appear that the cold wave 
had its origin somewhere to the east of the Caspian 
Sea.—S. C. Roy and G. Chatterji. 

Droughts in September.—Press reports bring an unu- 
sually large number of accounts of drought in various 
parts of the world. Not since 1893 has Great Britain 
experienced a more prolonged drought nor has Green- 
wich recorded a rainless month—as this is likely to be— 


in 90 years. Farmers are finding the absence of rain | 


a serious. (Daily Telegraph, September 26, 1929.) 

he Times, London, of September 18, 1929, reports 

the long drought at Paris, France, as ended on the 17th. 

This drought was the second longest since 1873. In 

ona 38 days passed without rain—August 24 to Octo- 
er 2. 

From the Fort Dodge, Iowa, Messenger of October 10 
it is learned that nearly 6,000 families in Saskatchewan, 
Canada, will need government aid through the winter. 
While all of the western Canadian provinces have suf- 
fered from lack of rain, Saskatchewan seems to have 
been the center of the afflicted area. 

The Sioux City, Iowa, Journal of October 9, 1929, 
prints an account from its correspondent in the Argen- 
tine, dated Cordoba. In the State of that name little 
or no rain has fallen in the last six months, the wheat 
crop is a failure, and unless rain comes within 10 days 
the corn crop will be in danger. (Subsequent reports, 
however, show that the rains came on October 22.) 


The French daily weather report.'.—The French Meteoro- 
logical Service has for some time issued its daily weather 
report in two parts, the Bulletin Quotidien de Renseigne- 
ments and the Bulletin Quotidien d’Etudes. The idea of 
separating the report into two parts, one for general use 
and one for students of meteorology seems a good one, but 
the separate purpose of the parts as indicated by their 
titles has not been fulfilled very clearly in the past. 
Each part has consisted of four single pages and has con- 
tained both tabular matter and charts; the station reports 
have been divided into two groups, those from French 
stations being published in the Bulletin Quotidien de 
Renseignements and those from “‘foreign’’ stations in the 
Bulletin Quotidien d’Etudes. 


From July 1, 1929, the form of the report has been 
altered and it is interesting to note the manner in which 
General Delcambre, the head of the Office National 
Météorologique, has endeavored to meet the require- 
ments of the French public, both those seriously interested 
in meteorology and those whose interest is more super- 
ficial. The Bulletin Quotidien de Renseignements has 


been reduced to a single sheet providing two pages of the 


same size as those of our own Daily Weather Report, 
while the Bulletin Quotidien d’Etudes has been expanded 
to a publication of four sheets, that is, eight single pages. 
The annual subscription for the latter is 320 francs as 

ainst 140 francs for the more modest single sheet of 
the former. 


1 Reprinted from Meteorological Magazine, August, 1929. 
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The Bulletin Quotidien de Renseignements in its sim- 
plified form contains a 7 a. m. chart for northwest Europe 
and the eastern Atlantic, on which are entered winds, 
isobars, and lines showing the change of pressure in the 
past 24 hours. Beneath this map are forecasts given 
separately for the region around Paris and for the whole 
of France. On the reverse side there is a smaller map 
showing changes of pressure in the past three hours with 
large arrows indicating the direction of movement of the 
isallobaric systems; also charts of maximum and minimum 
temperature and rainfall. The different phases of the 
systéme nuageux, of which so much use is made in French 
forecasting, are indicated on another map which shows 
the state of the sky at 7 a. m., the regions in which the 
several types of cloud formation prevail being indicated by 
distinctive symbols. This report seems admirably to 
fulfill its purpose of being a simple and (if we except the 
systéme nuageux) nontechnical publication. 

The Bulletin Quotidien d’Etudes in its new form com- 
mences with tables of readings at 7 a. m., 1 p, m., and 6 
p. m., for French stations together with aerological 
reports, while the last page contains a small table of 
ships’ reports from the Atlantic and Mediterranean. It 
is interesting to note that readings from foreign stations 
no longer find a place in the report. More than one-half 
of the eight pages are devoted to charts. In the first of 
these, which is reproduced as the frontispiece of this 
number of the magazine, polar fronts appear for the 
first time in the French daily weather report. The chart 
is an ambitious one showing isobars and fronts over the 
whole of that part of the Northern Hemisphere which 
extends from Europe in the east to eastern Canada, the 
Great Lakes, and part of the United States in the west. 
The fronts are shown very clearly, by broken lines for a 
warm front and a row of black dots for a cold front. 
Fronts are often difficult to locate; sometimes their very 
existence is doubtful. Further, they vary greatly in 
intensity and importance and it therefore seems regret- 
table that no observations are entered on the chart to 
help the student to judge of the nature of the fronts and 
of their effect on the weather in the vicinity. The chart 
on which these fronts are shown is for 1 p. m. G. M. T. 
A Northern Hemisphere chart for 1 a. m. covering an 
area centered at the pole occupies most of the last page 
of the report, and shows isobars but not fronts. 

The importance attached to isallobars in France is 
shown by the inclusion of six small charts of changes of 
pressure in the periods of 24 hours, 12 hours and 3 hours 
respectively, ending at 7 a. m. and again for the same 

eriods ending at 6 p.m. The only forecasts contained 
in this report are in the form of two charts, one for the 
anticipated changes of pressure in the 12 hours ending 
at 7 a. m. the following morning and the other for the 
state of the sky and the wind anticipated at this hour. 
Alongside these two charts are written an analysis of the 
situation and some comments on the reasons which have 
led to the deductions drawn. The report appears to be 
issued on the day following that to which it refers, as a 
short critical discussion is included of the success or 
otherwise obtained in the forecasts. Such a discussion 
is likely to be of value by giving the reader an insight 
into the lines on which the forecasters work, and may in 
addition be helpful to the forecasters themselves. Curves 
showing the daily march of temperature both at the 
summit of the Eiffel Tower and in the courtyard of the 
Office National Météorologique are also included in a 
report, the form of which suggests a considerable appetite 
for meteorological information amongst French students 
of meteorology.—J. 8. Dines. 


1929 


Fire weather investigations in Wisconsin.—Foremost in 
importance in any plan to grow forest trees is the control 
of fire, for upon such fire control depends the very 
existence of the forest. That weather conditions very 
largely determine the occurrence and severity of forest 
fires is obvious. Just what the conditions are that spell 
low or high hazard, however, has never been definitely 
determined for the Lake States region. To secure this 
information, a study of fire weather and the hazard 
resulting was started in the spring of 1928 by the cooper- 
ating agencies. 

Early in May temporary field stations were established 
in northeastern Wisconsin in typical jack pine and hard- 
wood areas. At each of these stations during the spring 
fire season observations were made daily at 8 and 11 
a.m. and 2 and 5 p. m. of the conditions prevailing in the 
open, in the forest, and on partially cut-over areas. The 
resulting inflammability and moisture content of the 
litter was also determined at frequent intervals. In 
addition, the occurrence of fires in the protection districts 
adjoining the stations was noted and the behavior of 
going fires observed wherever possible, as was also the 
character, amount, and distribution of inflammable 
material typical of the two forest types under observation. 

While the data secured have not yet been worked up 
in detail, a very direct relation between the inflamma- 
bility of the prevailing forest fire fuels and weather 
conditions, particularly precipitation and relative hu- 
midity is obvious. For example, each of the three 
critical periods encountered this spring were preceded b 
from four to eight days without precipitation and with 
a mid-day humidity of 40 per cent or less. The moisture 
content of the litter during dry periods also was found 
to vary directly with the humidity, explaining why fires 
burn more fiercely between noon and 4 p. m. and are 
more readily controlled in the morning and late afternoon. 
Wind velocity was also found to be an important factor 
when other conditions were favorable for the occurrence 
of forest fires, velocities of seven miles per hour and over 
causing fires to spread rapidly and making control 
difficult. 

The spring fire season in northeastern Wisconsin this 
year (1928) was acute but not abnormal. * * * 

The lowest humidity observed was 21 per cent in the 
open jack-pine country at 5 p. m. on June 6, the last bad 
fire day of the season. While the humidity tended to run 
somewhat higher in the hardwood than in the jack-pine 
country, days with humidity of 30 per cent and less were 
numerous at both stations. Decidedly higher humidities 
and a consequent higher moisture content of the litter 
normally prevailed at the forest stations than in the open 
in both hardwood and pine, conditions in partially cut- 
over stands being intermediate. This difference was par- 
ticularly striking in the hardwood country after the leaves 
had come out, but also prevailed consistently in jack pine. 

On the other hand, light rains were found to be more 
effective in the open than in the forest, the forest cover 
evidently preventing the precipitation from reaching the 
ground. Asa result, normal conditions were found to be 
reversed by light rains, the litter in the forest remaining 
dry and hence more inflammable than that in the open. 

* * * Just what conditions cause fires, apparently 
dead beyond the possibility of revival, to flare up after 
lying dormant for days is worth knowing. This spring a 

e of this kind occurred in northern Wisconsin in the area 
that was being covered by this fire-hazard study. 

As long as the relative humidity at 8 a. m. was 50 per 
cent or above the fire remained dormant. However, 
when the humidity dropped appreciably below 50 per cent 
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the fire flared up and required determined and sustained 
effort to keep it under control. Light rainfall did not 
make the fire safe. A half inch of rain or more seems to 
be necessary to put a fire in a condition where it is no 
longer a menace.—Forestry section, 1927-28, Annual 
Report of the Director, agricultural experiment station, Uni- 
versity of Wisconsin. 

Count Rumford in meteorology.—In the course of a most 
interesting biography of Count Rumford by Lyman C. 
Newell, published in Science, July 27, 1928, pages 67-73, 
the following (pp. 69-70) is of historical interest in 
American meteorology: 


One of his investigations was an elaborate series of unique experi- 
ments on the heat-conducting power of fluids. He showed among 
many other things that convection currents are the principal means 
by which heat is transferred through fluids, and described how, 
ha a vessel of water is heated, there is generally an ascending 
current in the center and a descending current all around the periph- 
ery. Hence he concluded it is only when a liquid expands by 
increase of temperature that a large mass can be readily heated from 
below. He also pointed out the exceptional behavior of water 
below 39° F., viz, it contracts when heated and expands when 
cooled. Then he proceeded to explain how large bodies of water 
are prevented from freezing at great depths on account of the 
expansion which takes place on cooling below 39° F., and he men- 
tions as an example that in the Lake of Geneva, at a depth of a 
thousand feet, the temperature was found to be 40° F. He 


emphasized the fundamental bearing of this unusual behavior of ~ 
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water on climate everywhere, and on the preservation of trees, 
fruits, and vegetables during the winter in cold countries. 

In his experiments on the heat-conducting power of liquids, 
Count Rumford * * * turned his conclusions to practical 
account in making warm clothing, not only of woven fabrics but 
also of feathers andfur. * * 

In another series of experiments devoted to the radiating power 
of different surfaces he showed how the power varied with the nature 
of the surface and illustrated the results by demonstrating the effect 
of a coating of lampblack in increasing the radiating power of 
a y: 
He also investigated the absorption of heat by different surfaces. 
His results led to the law that good radiators are good absorbers 
and the recommendation that vessels in which water is to be heated 
should be blackened on the outside. In speculating on the function 
of the coloring matter in the skin of the negro, he said: 

‘Were I called to inhabit a very hot country, nothing should 
prevent me from making the experiment of blackening my skin, or, 
at least, of wearing a black shirt, in the shade and especially at 
night, in order to find out if by those means I could contrive to 
make myself more comfortable.” 

—C. F. B. 


New rainfall record for Canal Zone.—Rainfall in this 
consular district during the months of July, August, and 
September was considerably greater than during the corre- 
sponding months of the year 1928. A notable feature 
was a precipitation in the space of one hour of 5.16 inches. 

The total rainfall in the Colon consular district during 
the month of August was 23.78 inches. 


BIBLIOGRAPHY 
C. Tatman, in Charge of Library 


_ RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


American society of civil engineers. 
Flood control with special reference to the Mississippi river. 
A symposium... p. 657-969. illus. 23 cm. (Repr.: 
Trans. v. 93. 1929. Paper no. 1709.) 


Brooks, C. E. P. 
Formation of hail. p. 305-308. illus. 28cm. (Discovery, 
London. v. 10, Sept., 1929.) . 


Dannmeyer, F., & Riittenauer, A. : 
Grundlegende Untersuchungen an Gliihlampen mit ultravio- 
lettdurchlassigem Glase. 19 p. figs. 21cm. (Mitt. Licht- 
forschungsinst. des Allgemein. ankenhauses, und der 
Studienges. fiir elektr. Beleuchtung.) 


Defant, Albert. 
Meteorologie. 5te., umgearb. Aufl. unter Benutzung der 3. 
Aufl. der Bearbeit. von W. Trabert. Berlin. 1929. 140p. 
illus. 16cm. (Sammlung Géschen.) 


Deutsche Forschung. Aus der Arbeit der Notgemeinschaft der 
deutschen Wissenschaft. (Deutsche Forschungsgemeinschaft.) 
Heft 4. Geophysik und Aerologie. Berlin. 1928. 91 p. 


figs. 23 cm. 
emt geodetic and geophysical union. Section of meteor- 
ology. 


oisiéme assemblée générale: Prague, 1927. I. Report on 
photometers for a survey of the reflectivity of the earth’s 
surface, by L. F. Richardson. II. Atmospheric dust: ob- 
servations with the Owens dust-counter. 1. United States, 
Washington, January 1925 to July 1927. 2. Australia, 
Melbourne, September 1924 to June 1927. 3. Finland. 
(Aitken dust-counter.) Report by Dr. G. Melander. 
Cambridge. 1928. 48p. illus. 25 cm. 


Ivanow, Sergius. 
Die Klimaten des Erdballs und die chemische Tatigkeit der 
Pflanzen. Berlin. 1929. 39 - 25% cm. (Fortschr. der 
naturwissensch. Forsch. Neue Folge, H. 5.) 


Japan. Central meteorological observatory. 
Climatic atlas of Japan and her neighbouring countries. 
Tokyo. [1929.] 27 p. 95 plates. 42cm. 


Kahler, K. 
Einfithrung in die atmosphirische Elektrizitit. Berlin. 1929. 
25% cm. (Sammlung geophys. Schrif- 
n. r. 9. 


Meyer, Rudolf. 
Die Haloerscheinungen. Hamburg. 1929. viii, 168p. figs. 
23%cm. (Probleme der kosmischen Physik. 12.) 


PakStas, Kazys. 
. . . Le climat de la Lituanie . . . Klaipéda. 1926. 137 p. 
illus. charts. tables. diagrs. 22% cm. 


Scherschevsky, A. B. 
Die Rakete fiir Fahrt und Flug. Eine allgemeine verstandliche 
Einfiihrung in das Raketenproblem. Berlin. 1929. 134 
p. illus. 21 cm. 


Schmauss, August, & Wigand, Albert. 
Die Atmosphiare als Kolloid. Braunschweig. 1929. 74 p. 
illus. 224%cm. (Sammlung, Vieweg. Heft 96.) 


Sion, J. 
‘Asie des moussons. 2 v. Paris. 1928-1929. figs. plates. 
29cm. (Geog. univ. T. 9.) 


Southern California. University. 
Compilation of papers read before the water supply section, 
school of citizenship and public administration. Short 
course, June 17 to 21, inclusive. Los Angeles. [1929.] 
163p. figs. plates (fold.) 23cm. [Papers on hydrology.] 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
SEPTEMBER, 1929 


By Hersert H. Krmpa.t, Solar Radiation Investigations 


For a description of instruments and exposures and an 
account of the method of obtaining and reducing the 
measurements, the reader is referred to the Rrevizw 
for January, 1929, 57: 26. 

Table 1 shows that solar radiation intensities averaged 
below the normal values for September at Madison, Wis., 
ae close to normal at Washington, D. C., and Lincoln, 

ebr. 

Table 2 shows an excess in the total solar radiation 
(direct + diffuse) received on a horizontal surface at 
Washington and Madison, and a decided deficiency at 
Lincoln, Chicago, and New York. 

Skylight polarization measurements obtained on five 
days at Washington give a mean of 51 per cent and a 
maximum of 56 per cent on the 24th. At Madison, 
measurements obtained on seven days give a mean of 50 

er cent and a maximum of 69 per cent on the 18th. 
he values obtained at both stations are below the Sep- 
tember averages for the respective stations. 


TaBLE 1.—Solar radiation intensities during September, 1929 
{Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 


8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 


Date ath Air mass Local 
mean 

mer. solar 

time A.M P.M time 

e. | 50 | 40 | 30 | 20 |110] 20] 30] 40 | 50] 

mm.| cal. | cal. | cal. | cal. | cal. | cat. | cat. | cal. | cal. | mm. 

Sept. 10........ 16. 0.86) 1.03 17.96 
Sept. 11.-...... ts 118 i "87 
Sept. 19........ 4.57; 0.86] 0.98 1.30 4.37 
Sept. 24........ 8.81, 077; 0.89) 1.03 1.18 1. 0.91, 0.75) 0.62] 5.36 
(0. 82)|(0.94)| 0.91 1.34) 1.00 (0. 73)! (0. 75) | (0. 62)|______ 
12)+0. 19 +0. 03 +0. 07) +0 —0.05 0. 12-0. 02 —0. 04 

Madison, Wis. 
Sept. 0.44) 0.63 14. 60 
Sept. li.-.....- 676...... 6091 1.19 1.29_....- 7.04 
0.99) 1.11) 1.25 5.36 
Sept. 18.......- 0:95) 131) 5. 36 
Sept. 23........ 0.87) 0.73 0.97) 1.28' 8. 18 


0. ae 74) 
—0. 02/+-0. 01 


TaBLe 2.—Solar and sky radiation received on a horizontal surface 
(Gram-calories per square centimeter of horizontal surface] 


Average daily radiation Average daily departure from normal 

Week be- a4 a 

| 

1929 || cal. | cal. | cal. | cal. | ¢ cal.| cal. || cal. | cal. | cal. | cal. | cal. 
Sept. 3_..|| 369 | 314 | 274 | 296 | 182 | 582 | 254 —7 | —52| —150|} —19|} —124 
Sept. 10...) 361 | 338 | 436 | 297 | 281 | 529 | 205 —-13 —4 +29 | +13 —14 
Sept. 17...| 400 | 437 | 360 | 281 | 288 | 425 | 265 +49 | +98 —23 | +14 +13 
Sept. 24._.|) 402 | 267 | 305 | 149 | 202 | 490 | 417 | +62/| —23 —35 | —84 —55 
Excess or deficiency since first of year on Sept. 30. +5, 789 |—539 |—3,303 |—973 |—5, 369 


REFLECTIVITY OF DIFFERENT KINDS OF SURFACES—A 
CORRECTION 


Dr. L. F. Richardson invites our attention to an error 
in our paper on the above subject in the Review for 
July of the current volume, page 291, as follows: 
“There is a definite mistake in line 25 from the be- 

ning. You state that ‘A,’ is the area of the window. 
nfortunately this is hardly even roughly true. There 
is no short name for A,. It is not a solid angle. It is 
the rather complicated idea explained in paragraph 5 (1) 
of the Prague report.’ 

‘Perhaps the best short explanation would be to say 


A, _/(sin a, 
Ag sin ag 
cone having its vertex at the midpoint of the edge of the 
white wedge and bounded by the iris and where a, is a 
similar angle for the sky window.” 

The reader is referred to the paper by Richardson, 
above cited, for further dotaileinedli H. K. and I. F. H. 


POSITIONS AND AREAS OF SUN SPOTS 


[Communicated sd Capt. C. S. Freeman, Superintendent U. S. Naval Observatory. 
Data furnished by Naval Observatory, in cooperation with Harvard. Yerkes, and 
» Mount Wilson observatories. The differences of longitude are measured from central 
meridian, positive west. The north latitudes are plus. Areas are corrected for fore- 
shortening and are expressed in millionths of sun’s visible barye: earaan! The total 


) where ag is the semi-vertical angle of a 


area, including spots and groups, is given for each day in the last column] 
Er Heliographic Area Total 
time | jong. | tude | tude | SPOt | Group) Gay 
1929 

Sept. 1 (Naval Observa 12 5} —18.0} 282.9] —125 16 4. 
tory). —10.0| 290.9] +45 21 
Sept. 2 (Naval Observa- 10 50} —4.0) 28441) —13.0 
tory). +3.5 | 291.9) +65.0 |........ 12 30 
Sept. 3 (Naval Observa- 10 —79.0| 196.2 | +2L5 
tory) —45.5 | 220.7 | +12.5 
—14.0| 261.2) —24.5 
+11.5 | 286.7 | —11.0 
+160) 201.2) +50 129 
Sept. 4 (Naval Observa- ll 6| —65.5) 196.3) +21.0 TRG 
tory). —43.5} 2183) +100] 
+30.0 | 291.8) +45 101 
Sept. 5 (Naval Observa- 11 —81.5| 166.7 | —10.0 
tory). —653.0 105.2) +4205] 62 
—15.0 | 233.2 | +17.2 
+15.0 |) 263.2) —5.0 216 438 
Sept. 6 (Naval Observa- 14 —67.0; 1668) —10.5 62 
tory). 194.8 | +20.5 
+7.5 | 241.3 | —13.5 
+30.5 | 264.3) —5.0 j-.-.-... 216 346 


1 Richardson, L. F., 1928. Report on photometers for a survey of the reflectivity of 
the earth’s surface. Union Géodésique et Géophysique Internationale, Section de 
Météorologie. Troisisme Assemblée Générale: Prague, 1927. 
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Lincoln, Nebr. 

al 

Sept. 7.20......, 1.09, 1.28) 7.04 al 

Sept. 17--......| 0.98 1.13| 1.96) 1.00, 0.76 0.62] 7.29 no 
Sept. 23........ 0.84 0.70 0.64|....._| 10.21 

1.03) 1.20/(1.42)| 0.96) 0.78 we 

Departures. 02 +0. 01 +0. 02 ~0. 19 ~0. 19 

| 1 Extrapolated. le 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 


Heli hic 
Bastern ograp! Area Total 
civil | pitt Lati on 
time | jong. tude | tude | SPot | Group day 
1929 
= 
Sept. 7 (Naval Observa-| 10 37| —55.0] 167.5) —9.5 
tory). —27.5| 195.0} 421.0 40 
—5.0} 217.5 | +13.5 3 
+19.5 | 242.0 | —13.0 
+42.0} 264.5) —5.0 
+50.5 | 273.0 | +10.0 46 342 
. 8 (Naval Observa- 10 1608; -—6.0 6 
—38.0| 171.3] —3.5 3 
—14.5| 194.8 | +20.5 40 
+9.5} 218.8) +13.5 
+14.0| 223.3) +2.0 6 
+54.5 | 263.8) —5.0 
+65.5 | 274.8) 49.0 312 
it. 9 (Naval Observa- 12 15} —33.5) 161.7) —6.5 
). —28.0} 167.2) —10.5 
—22.0| 173.2) +15.5 6 
194.2 20. 5 
+22.5 | 217.7 | 413.5 |---.---- 
+60.0 | 264.2) —4.5 
+80.5 | 275.7 | +10.0 15 
Sept. 10 (Naval Observa-| 11 20| 106.5) +5.5 62 
tory). —44.0 138.5 | +23.0 6 
—2.5| 1620) —6.0 
—15.0| 167.5 | —10.0 
—8.0| 174.5) +15.0 
+11.5} 194.0 | +21.0 31 
+82.5| 265.0) —4.0 139 268 
(Naval Observa-| 11 —63.0/ 106.5} +65.0 31 
). —2.0} 167.5} —10.0 15 
+24.0 | 193.5 | +21.0 25 71 
12 (Naval Observa- 10 52| —73.5 82.8 | +15.5 
—44.0] 112.3) +65.0 
—38.5 | 117.8 | +38.5 3 
+10.5 | 166.8 | —10.5 
+19.5| 175.8 | +16.0 
+33.0} 189.3 | —16.0 3 
+37.5 | 193.8 | +21.0 
+61.0} 217.3} +5.0 6 134 
Sept. 13 (Naval Observa- 10 51) —86.5 56.6 | —7.0 123 
tory). —50.0 84.1 | +15.5 
—31.5] 111.6] +5.0 
+25.0} 168.1 | —10.0 6 
+32.5| 175.6 | +16.0 
+51.0} 104.1 | +21.0 15 
+77.0 | 220.1) +5.5 15 242 
Sept. 14 (Naval Observa- 10 38 | —73.0 57.1} —8.0 62 
tory). —18.0{ 112.1) +45 
7.0 177.1 | 415.5 9 80 
Sept 15 (Naval Observa- ll 18] —58.5 58.0; —7.5 68 
tory). —9.0} 107.5 | +65.5 
+17.0} 133.5 | +20.0 3 
+59.5 | 176.0 | +15.5 31 127 
Sept.16 (Naval Observa- 10 39 | —80.0 23.6 | —21.0 185 
tory). —46.0 57.6 | —8.0 49 
+8.5} 112.1 5.0 
5] 155.1] +4.0 6 
72.5} 176.1 | 415.5 108 394 
Sept. 18 (Naval Observa- 1] —52.5 24.5 | —21.0 |-...-... 
tory). —19.0 58.0 46 200 
19 (Naval Observa-| 11 —39.5| 243] —21.0 
ry). —6.0} 57.8] —8&0 
+25.0 88.8 | +21.0 6 191 
Sept. 20 (Naval Observa-| 10 2%8/—210/| 154 
+37.0| 87.8 | +210 
+45.5) 963) —14.0 62 275 


Heliographic Area Total 
civil Diff. | Lo: Lati 
time | jong. ver tude | Spot | Group) Gay 

Sept. 21 (Naval Observa- 10 26 | —27.0 10.8 +30 |__...... 
—26.5 11.3 | —26.0 
—13.0 24.8 | —21.0 
+3.0 40.8 | —22.0 
+20. 5 58.3} —80 
+50. 5 88.3 | +21.0 | 
+59. 5 97.3 | —14.0 |_....-.. 93 330 
Sept. 22 (Harvard) 15 2| —9.0 
+6.0 28.0 | —20.5 
+75. 5 97.5 | —14.5 }|_....... 133 378 

23 (Naval Observa- 12 10} 24.4) —21.5 154 
ry). +23. 5 33.9) +9.5 3 
+32.0 42.4} —12.0 163 
Sept. 24 (Naval Observa- 10 +17.5 15.4| +5.5 
tory). +26. 5 24.4 | —21.5 MO 
+46. 5 44.4 | +17.5 a 114 
25 (Naval Observa- 10 33 +38.5 23.4 | —22.0 52 52 

ry). 
(Naval Observa- 10 —68.0 | 263.6 | 
). —57.0 |. 274.6 | +280 |..-...... 
+53. 5 25.1 | —22.0 65 
Sept. 27 (Naval Observa- 10 33} —56.5 2620) +120 
tory). —42.5 | 276.0; +9.0 |....-.... 46 
—18.0 | 300.5; —9.0 58 
(Naval Observa- 10 48 | —86.0!) 219.2) +115 
). —41.5 | 263.7 12.5 
—29.0| 2762) +9.5 |........ 108 160 
Sept. 29 (Naval Observa- 10 38} —75.0| 217.1 | +11.5 
—27.0 | 265.1 | +125 |........ 
—14.5 | 277.6 | +10.0 j........ 123 191 
Sept. 30 (Mount Wilson).| 13 30/ —60.0| 217.3 | +120 
0.0) 277.3 | +110 }........ 254 358 
Mean daily area for Sep- 


PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
SEPTEMBER, 1929! 


[Data furnished through the courtesy of Prof. W. Brunner, University of Zurich, 
Switzerland] 


i » | Relati 

56 || 43 | 240 


Mean, 30 days=34.7. 


1 Dependent alone on observations at Zurich and its station at Arosa. 

=P. e of an av -sized group through the central meridian. 

3= New formation of a e or average-sized center of activity: E, on the eastern part 
of the sun’s disk; W, on the western part; M, in the central zone. 

‘= Entrance of a large or average-sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 


By Ricumonp T. Zocn 


Free-air temperatures were below normal at practically 
all levels at all of the aerological stations. (See Table 1.) 

Free-air relative humidity departures were variable at 
all stations excepting Due West, where there was a pro- 
nounced positive departure. This is significant in that 
the total precipitation for the month at this station was 
the greatest ever recorded. Vapor pressure departures 
were mostly below normal except at Due West. 

The resultant winds had a southerly component at all 
levels over the western and eastern parts of the country. 


(See Table 3.) Over the northern part of the country 
and over the Mississippi Valley the resultant winds had 
a northerly component. 

Table 2 gives a summary of observations made at 
naval air stations. Those made at Washington, D. C., 
were formerly incorporated in Table 1, but as these data 
are now being computed by the naval air stations, they 
have been placed in a separate table. It should be noted 
there is close agreement between the free-air tempera- 
tures and relative humidities computed by the Weather 
Bureau and those computed by the naval air stations. 
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TaBLE 1.—Free-air temperatures, relative humidities, and vapor TABLE 2.—Free-air data determined at naval air stations during 


pressures during September, 1929 
TEMPERATURE (° C.) 


Broken Ar-| Due West, Royal Cen- 
row, Okla. Cc. ter, Ind. 
(233 meters)|(217 meters) (225 meters) 
Altitude 
meters 
m. 8. 1. De- De- De- 
ture ture 
Mean) trom |Mean) trom 
nor- nor- 
mal 
Surface.-| 22.4; —0.8} 22.0) —1. 
21.0; —0.6; 19.4) —1. 
18.8} —0.4) 16.8) —1. 
1,500_.... 16.4 . 4) 15.0) —0. 
2,000_.... 13.3} —0.9} 13.0) —O0. 
2,500_._.- 9.6) —1.8] 10.4) +0. 
3,000___.. 6.3} —2.2) 7.5) —0. 


September, 1929 
Temperature (° C.) Relative humidity (%) 
m.s. 1. an ash- || pensa- n ‘ash- 
‘0 ington Diego, | ington 
Calif. | D.C.’ Fla.) ‘Gait’ | D.C.’ 
22. 21.3 19.7 72 
SS: 20. 20.0 16.2 56 
15. 17.5 12.0 56 
9. 8.3 50 
6. 7.8 33 
4.2 26 


TABLE 3.—Observations by means of kites, se and limited- 


SS 


States. 


height sounding balloons during September, 1929 
Broken| Due | Ellen- | Groes-| Royal 
Arrow,| West, | dale, | beck, | Center, 
Okla.’| §.C.’ IN. Dak.| Tex. | Ind. 
Mean altitudes (meters) m. s. 1. reached 
2,201 | 2,060) 2,753} 2,006 2, 640 
Maximum altitude (meters) m. s. 1. reached 
13,274 | 23,878 | 34,520 | 43,815 | 4,875 
Number of flights made-_..............----.- 32 2 25 23 23 
Number of days on which flights were made. 28 23 23 22 21 
115th. 414th. 310th. 4 30th. 


In addition to the above there are ryeypo 120 pilot balloon observations made 
daily at 50 Weather Bureau stations in the Uni 


TABLE 4.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a. m. (E.S. T.) during September, 1929 


Broken Arrow, 


Due West, Groesbeck, Havre, Mont Jacksonville, Key West, Los Angeles, 
8. C. Tex. (762 meters) Fla. Fila. Calif. 
(233 meters) (217 meters) (141 meters) (65 meters) (11 meters) (40 meters) 
Altitude 
m.s. 1. ¥ Vv 
Diree- | joo Diree- || Diree- | Direc- Diree- | || Direc- | || Direc- | ioc. 
loc loc- loc- loc- loc- loc- 
tion ity tion ity tion ity tion tion ity tion ity tion ity 
Meters ° ° ° ° ° ° 
Surface. ....... SllE |1L2)8 18 W 0 N44E N85E N78E 81E 1.2 
S 40W 9 N6OQE N61W/131S 5E | 3.5 8 69E 58E 80E 1.2 
S 8 N 75E 6E 13.5] 48E 51E 62E 1.8 
8 51W |47 N 3.5 N 51E 55E 36E 37E |3.0||8 75E 1.7 
8 70W 61W 8 N 76W N 60W/ 6.1 39E 39E 22E 1.9 
N 83 W | 3.8 || N 64W 3 38E 4E 21 
N49W 88W/ 7.5 S 61W | 2.8 || N 84W N82E 1I8E 49E 32W]| 26 
N 5W/24 8S 68 W | 3.4 || N 86 W 13E 799E 6W| 24 
S 58 W | 3.8 N61W/9518 9E {1418 6E | 14 
Medford, Royal Center, Salt Lake San Francisco, Sault Ste. Wash: mn, 
Oreg. meters)’ 20d City, Utah Calif. Marie, Mich. || Segre. D. C. 
(446 meters) (1,280 meters) (60 meters) (34 meters) 
Ve- Ve- Ve- Ve- Ve- Ve- 
Direc- Direc- Direc- Direc- Direc- irec- Direc- 
loc- loc- oc- loc- loc- loc- 
tion ity tion ity tion ity tion tion ity tion ity tion ity 
Meters ° ° ia ° ° ° ° ° ° ° ° 
Surface_....... 8 2E NSE 51E COE | LOWS BE |28N52W 8 8&E N21E | 07 
8 34E {1118 SE 87E 7E 55E | 25 8S 67 W 8 4 Wi21)N 2.4 
N 4E N45W/01/ 8 8E 33W/69]|S 55 W/ 28 N 61 W 8 |23]}N20W/ 21 
N71E N7E |28]'8 6W/44//S 2E 61 W 8 |40]}N87W] 15 
NIE N65E 21W 8 72W|85 ..|8 82W 26 
NGOE 77W/6.7)|S 55W/43]| N57 W S 72W | 8.2 8 66W)| 20 
N 47 W } 3.6 N30E 8S 7.9118 73 W | 6.5 8 79 W | 8.7 
N 33 W | 6.2 N13E | 3.2 8 61W/|5.7||S 70W/|9.8 N 74 W | 


| 
| | Washing- 
ton, D. C. 
(naval air 
5 station) (7 
| meters) 
i 
from 
nor- e} 
| ti 
Pp 
a 
fi 
eS RELATIVE HUMIDITY (%) al 
a 
Surface 66 76, +8 ti 
300.......| 6 7 +47 
1,000_...- 62 80, +9 60 0 65 —6) 
j 1,500.....| +1 +7; 50] +4 64 
2,000_.... 64 +9 77 +9 57 +. 63} +3) 
2,500...--| , 66 +15, 74) +8 60 +6 
VAPOR PRESSURE (mb.) 01 
Surface 17. 65|—1. 76) 9.35|—2.00 20. 80)—2. 18. al 
15. 85|—1. 50) 18. 9.18|—1.92 18.36)—1. 94) 12.25}—-2,18 
1,000__...| 13.43}—0. 92) 15.96/+1.19) 7.73}—1.36 14. 10.35)—1. 66 0" 
1,500__...| 11.30|—0. 34) 6.42;\—0.86 12.05|—0.63) n 
2,000_.....| 9.83/40. 93) 11.79 41. 22) 5.11/—0.83 9.33)—0.54) 
2,500.----| 8.08 +1.41| 9.96|41.17| 4.44|-0.47 7.12|-0.49| rs 
3,000.....| 8.07|43.06] 8.60\+1.16, 3.92\—0.20 5.46|—0.43| 
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WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By P.C. Day . 


GENERAL SUMMARY 


The important features of the weather of the month 
were the high temperatures experienced during the first 
few days over the greater part of the country from the 
Rocky Mountains eastward, the severe drought that 
existed at the end over the far Northwest, and the 
important tropical storm that threatened the coast dis- 
tricts of southern Florida during the last few days, 
which fortunately passed around the southern end of the 
peninsula and across the western part of the mainland 
and into Georgia and to the northeastward during the 
first few days of October. No important loss of life 
occurred during the passage of this storm and the damage 
to ie erty from wind was mainly small, though consider- 
able damage to crops and property was sustained on 
account of heavy rains and floods in some of the dis- 
tricts within the area of its influence. 


PRESSURE AND WINDS 


The first indication of a break in the severe drought 
that had prevailed during much of the latter part of the 
summer over the greater part of the country appeared 
on the morning of September 3, when a cyclonic storm 
of moderate proportions was central over the Dakotas, 
attended by general, but only moderate precipitation 
over much of the Rocky Mountain area and into the 
northern Plains States. At the same time, local, heavy 
rains had occurred along the Gulf and South Atlantic 
coasts. During the 4th the storm area in the North- 
west had extended eastward into the central Plains and 
to near the upper Mississippi Valley and northward into 
the adjacent Canadian Provinces with some increase in 
the rate of precipitation, and rains continued in the Gulf 
and South Atlantic coast regions, the falls becoming 
heavy locally in western Florida and the rains extend- 
ing into the southern Appalachian region, though here 
were mainly light. 

y the morning of the 5th the northwestern disturb- 
ance had largely moved into the adjacent Canadian 
Provinces, but rains still continued over a considerable 
area from the northern portions of Texas and Louisiana 
northeastward to the upper Lakes, the falls being fairly 
generous in many portions of this area. At the same 
time, precipitation continued along the South Atlantic 
coast and had extended aathwart to the Chesapeake 
Bay region, with local, heavy falls near the coast from 
Florida to North Carolina. By the following morning 
the cyclonic conditions, existing during the preceding few 
days, had largely dissipated though local, heavy rains 
still persisted over portions of the middle Atlantic coast 
in the lower Ohio and middle Mississippi Valleys an 
portions of the Lake region, and at scattered points in 
the Great Plains and portions of the Rocky Mountains 
where rain had changed to snow. 

At the morning observation of the 7th anticyclonic 
conditions existed over the central valleys, but precipita- 
tion had persisted in widely scattered areas, frequent 
light eheinleneeiehi occurring in the Southeastern States 
and extending into the Ohio Valley and portions of the 
lower Lake region, these conditions continuing over many 
eastern districts during the following day, with the pre- 
cipitation area becoming better defined in the southern 
portions of the Plains and Rocky Mountain regions. 


By the morning of the 9th a well-defined cyclone had 


developed over lowa and heavy rains had fallen over. 


near-by areas, effectually ending the drought over many 
localities which had been only partially relieved by the 
showers duriag the earlier part of the month. The 
cyclone had extended to the northward of Lake Superior 
by the morning of the 10th and further rains occurred 
over many districts from the upper Mississippi Valley to 
the Lake region, extending eastward to the New England 
coast, while scattered rains were reported from the Ohio 
Valley and portions of the Gulf States. Some heavy 
local rains were reported the following morning from 
points in Texas and the lower Mississippi Valley and 
showers continued near the Appalachian Mountains 
from northern Alabama to New England, but in most 
fom districts fair weather had prevailed for several 
ays. 

At the 8 a. m. observation of the 13th a cyclonic storm 
that had advanced southeastward from central-western 
Canada without important precipitation became more 
active, and rain had occurred during the preceding 24 
hours over an extensive area from the eastern Plains to 
the Great Lakes and southward over the Ohio and Mis- 
sissippi Valleys to near the Gulf coast, heavy rains occur- 
ring in portions of Louisiana, the western parts of Ten- 
nessee and Kentucky, and in near-by areas. By the fol- 
lowing day the rain area had extended eastward to the 
Altantic coast, heavy falls occurring at numerous points 


in the more eastern districts. On the following day, | 


precipitation occurred over the districts near the Atlantic 
coast, but elsewhere the weather very generally cleared 
and but little precipitation occurred during the following 
two days except rain was rather general, but mainly 
light, on the 17th over many eastern districts except near 
the Atlantic coast, and on the following day along the 
immediate Atlantic coast. 

From the 19th to the 24th there was little precipitation 
in any part of the country, but on the latter date con- 
siderable rain occurred in the far Northwest and also in 
the Southeast. By the following morning the weather 
had largely cleared over the Northwest, but rain con- 
tinued over the Southeast where there were signs of a 
tropical disturbance in the vicinity of the Bahama Islands, 
which, during the following few days, advanced slowly to 
the southwestward, reaching the vicinity of the southern 
end of the Florida Peninsula by the morning of the 28th. 
During the following 24 hours it passed between Key 
West and the mainland moving northwesterly toward 
Pensacola. It reached the vicinity of the latter place by 
the morning of the 30th where it changed its course to 
the northeast, passing the vicinity of Thomasville, Ga., 
by the morning of October 1 and thence continuing its 
course northeastward near the coast during t’:e next few 
days. This storm was attended by the usual! hurricane 
winds and heavy rains near its center, and unusually 
heavy rains occurred in portions of Florida, Georgia, and 
the Carolinas and to a lesser extent along the coast in 
more northern districts. 

Anticyclones dominated, to some extent, the more 
northern districts, particularly the Northeastern States 
during the latter part of the second and much of the last 
decade, but no important changes in weather conditions 
resulted therefrom. 

The winds of the month were not severe over any 
extensive area, though during the passage of the hurricane 
over some of the coast districts of Florida and to the 
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northeastward high winds were recorded, but on account 
of the precautionary measures adopted only a few lives 
were lost and no extensive damage to property resulted. 
A few tornadoes occurred, but only one life was lost 
thereby, though 25 persons lost their lives by the sinking 
of a boat in a gale on Lake Michigan. 

The average atmospheric pressure was moderately 
higher than normal over all northern districts and to a 
considerable extent over the southeastern districts. Over 
the Gulf States and from Texas northwestward to central 
Washington and thence west to the Pacific averages of 
pressure were slightly less than normal. Compared with 
the preceding August, pressures were higher over all 
northern and most central districts, but were lower to the 
southward. 


TEMPERATURE 


The month was marked by much cool weather in the 
central and north-central portions, especially over the 
northern and middle divisions of the Plains and Rocky 
Mountain regions. A period of widespread heat during 
the first week was another noteworthy feature. 

The opening of the month found high temperatures 
prevailing in the Eastern and Central States north of 
the Cotton Region. In the Northeast, with the lower 
Lake region and most of the Ohio Valley, the weather 
continued mainly hot during the first decade, though 
after the 4th temperatures usually were not so highas 
before. In Minnesota and all but the southernmost 
portions of the Plains and the Mountain regions the 
middle and later portions of this decade were unseason- 
ably cool. The transition from heat to cold was an abrupt 
one over the Dakotas and adjacent districts, Bismarck 
recording 102° on the 1st and 32° on the 6th. 

From the 10th to the 17th warmth prevailed in the far 
West, also mainly in the Atlantic and Gulf States, but 
most districts between the Rocky Mountains and the 
Appalachians were considerably cooler than normal. 

About the 17th marked heat prevailed over large por- 
tions of California and Nevada, with a strong east wind 
bringing temperatures in the nineties about the hour of 
sunrise to some southern coast cities of California, where 
normally even the afternoon marks of September are in 
the seventies or low in the eighties. This strong east 
wind was probably due to the effect of a well-defined 
hurricane passing up the coast from the vicinity of lower 
California. 

From the 17th to the 24th cool weather prevailed 
nearly everywhere east of the Rocky Mountains and in 
the far Northwest besides. Particularly cool weather 
for the season prevailed in the Lake region and the 
Northeast. 

The closing week was notably cool in the far North- 
west, but from Arizona and Utah eastward and north- 
eastward it was practically everywhere warmer than 
normal. 

The month averaged cooler than normal over most of 
the central and western thirds of the country, also over a 
portion of the Southeast. In a record covering about 
60 years at Cheyenne, Wyo., it was the coolest Septem- 
ber, save one. Generally in Montana and the Dakotas, 
Nebraska, and eastern Wyoming the monthly tempera- 
tures averaged 4° to 6° below normal. 

In the Pacific Northwest the month averaged warmer 
than normal, and generally from California to the middle 
Gulf region it was a trifle warmer than normal. In the 
Northeastern States there was a moderate excess, reach- 
ing 3° to 4° at points in interior New York. 
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The highest marks were usually recorded during the 
opening week, save in Idaho, Nevada, and the Pacific 
States about the middle of the month. The very highest 
was 117° in southern interior California on the 13th. 
East of the Rocky Mountains 110° was reported from 
Nebraska and South Dakota on the 1st and 2d. 

Over the eastern half of the country the lowest marks 
were reached from the 17th to the 21st. The southern 

lains were coolest on the 10th, and several parts of the 
ar West during the last few days of the month. The 
lowest of all reported readings was 12°, which occurred 
in four States on four different dates from the 7th to 27th. 

The killing frosts in parts of Minnesota and the upper 
Lake region about the 18th were earlier than usual and 
ended a short growing season. 


PRECIPITATION 


There was decidedly heavy rainfall over most south- 
eastern districts, while the northern plains and the Rocky 
Mountain area had nearly always considerable amounts 
for the season. For the country, as a whole, the month’s 

recipitation was poorly distributed, both over the sur- 
ace and in time of fall. 

In Florida the average precipitation was larger than in 
any other State, being almost 11 inches. Fellsmere 
Station, in the central part of the State, measured 25.15 
inches. In northern and eastern Georgia and the west- 
ern portions of the Carolinas the totals were large, and 
generally the rainfall exceeded the normal as far west as 
central Louisiana and as far northwest as the lower and 
middle Ohio River. Part of eastern North Carolina had 
a marked excess, while in Virginia and to northeastward 
the distribution was uneven, the most notable region here 
of large falls extending from northeastern Maryland to 
southeastern New York. In the vicinity of New Orleans 
excessive precipitation occurred on the 6th and 7th, when 
10.75 inches fell in less than 24 hours, the greatest amount 
ever recorded for that period of time in September. 

From western Pennsylvania to central Illinois and in 
lower Michigan and eastern Wisconsin the rainfall was 
mainly deficient, frequently to the extent of 60 or 70 
per cent. 

West of the Mississippi River considerable deficiencies 
were reported from central and southeastern Texas, 
eastern Kansas, and the Pacific Northwest. 

In California a peculiar situation was noted. The 
northern third of the State was practically without 
precipitation and the central portion had almost wholly 
small falls. In southern California, especially the in- 
terior portion, there were unusually large falls for the 
time of year, and large amounts fell farther eastward and 
northeastward to north-central New Mexico. 

In the far Northwest the month was notably dry, 
Oregon reporting the least of September record in the 
climatological history of the State, and similar conditions 
existed in Washington, which had the least precipitation 
save in one year. The combined precipitation in both 
States for the three months, July to September, 1929, 
inclusive, was the least of record for those months. 


SNOWFALL 


Over most of Wyoming and considerable portions of 
adjoining States the snowfall was large for the time of 
year, notably about the 6th and 7th. However, few 
serious consequences came from this snow. In the ig? 
mountains of the Pacific and Plateau States a few light 
falls were noted. 


be 
of 
o 
(TI 
| Fer 
Toc 
Pac 
Ral 
Litt 
Lib 
pu 
Cro 
Ana 
Kin 
Chi 
80 
Chi 
we 
Nor 
Stor 
Mor 
| av 
Pen: 
er! 
San. 
sol 
| Way 
Wes 
| | 
Lake 
He 
Olto 
Dille 
Ariz 
Lee | 
Hou; 
| Miar 
dal 
Flori 
wes 
Gray 
Potts 
cini 
| 1 
N 
exce 
duri 
the 
the 
mere 
Octe 
mon 
| 
| 
| 


SzrTemBER, 1929 MONTHLY WEATHER REVIEW 393 


RELATIVE HUMIDITY the positive departures ranged from 10 to 20 per cent; 


there were excesses also from the Ohio Valley southward 

There were large excesses in the average percentages and southeastward to the Gulf and South Atlantic States. 

of relative humidity, as compared with the normal, in In other districts the averages were mainly below normal, 
most of the mountain and southern plateau States, where the deficiencies being large in the far Northwest. 


SEVERE LOCAL STORMS, SEPTEMBER, 1929 
[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the annual 


report of the chief of bureau] 

Place "| Date | Time path, | of storm Remarks Authori 
of pa’ roperty u ty 
yards! | life destroyed 

and and Wheatland, Bei Considerable crop destruction ..--| Official, U. 8. Weather Bu- 
ont. reau. 
4 | 5.40 p. 4,000 | Hail and wind_._.| B unroofed and damaged by Do. 
wind. 
Crosbyton, Tex............ 5 | 10 p. Buildings and crops damaged. Do. 
Anadarko, 8} 5p. 100,000 | Wind and rain._... Severe damage to pro Gnd Do. 
Kingston, Okla............ Chief damage to crops; minor property damage-.- Do. 
Fort Stockton, Tex_...____. 8 | 5-7 p.m... 50,000 | Wind............. Much damage to property; 1 person injured_-_..- Do. 
(4 miles 8 | 7-8p. m__. 33, 000 Damage chiefly to property other than Do. 
southwest of). 
Okla. (north- 8 | 8p. m....- Crops and buildings Do. 
west of). 
Norman, Okla. (near).....-. 8 | 9.15 p. m.. and 2 planes damaged; 2 planes demol- Do. 
ished; minor crop injury; 1 person injured. 
Stonewall, Okla. (near) __.- 8|10p.m .| Wind and hail_....| Crops badly damaged; 4 persons injured_.._....- Do. 
Monroe, Wapello, and Del- 63, 000 Character of damage not reported.............-- Do. 
aware Counties, Iowa. 
Pennsylvania (southeast- sf Ran fe Sige Err 1 100,000 | Wind, rain, and | Several barns destroyed; great crop damage over Do. 
ern). electrical. entire section. 
San Mex. (10 miles Small tornado-.-_-- A few farm buildings wrecked Do. 
southeast of). 
Wayne, Okla., and vicinity. 8 2 mi. 75,000 | Wind............. Extensive damage to crops and other property - _ Do. 
Westminster, Md-_.......-. 8 20,000 | Electrical_........ 2 barns and contents destroyed Do. 
9] 10 p. m.... 2 mi 50, 000 | Hail Crops Do. 
Lake Michi Grand 10 | 25 Steamer Andaste foundered, losing entire crew Do. 
aven, 
11 | 8-9 p. 880 10,000 | Hail Crops considerably injured Do. 
14 | 2p. m..... 80 1,500 | Small tornado.....| A warehouse ; 3 persons injured Do. 
Arizona (south-central and | 19-24 50,000 | Wind, rain, and| Much damage to roads, culverts, and bridges. Do. 
southeastern). floods. 
Lee Ranch, N. Mex. (near). 25 os y 75 Do. 
Houghton, Mich_.........-. 27; P.m Thunderstorm, | Windows broken; considerable damage to tele- Do. 
, and rain. phone and electric circuits. 
and Lauder- 23 | P.m 5 Details not yet received Do. 
e area, Fla. 
Florida (southern and | 28-30 |............/........-. 3 676,000 | Tropical hurri- | Heavy damage to fruit and truck, highways, Do. 
western). cane. telephone and telegraph lines, small boats and 
a. timber, buildings, power plants, 
and shops. 
20,000 | Hail and rain__-_.. Damage confined to flooding of cellars, washing Do. 
cinity. of fields, etc.; several s bridges destroyed. 


1 Mi. signifies miles instead of yards. 


RIVERS AND FLOODS The Rio Grande rise, resulting from heavy local rains 
about the 22d, exceeded by 0.5 foot the high-water record 
of last month at San Marcial, destroying the levee and 

No floods of importance occurred during September completely flooding the town. Press accounts state that 
except those in the South Atlantic and East Gulf States only three buildings remained standing after the flood. 
during the last three days and that in the Rio Grande in Incomplete reports of losses place the total at $92,000, 
the vicinity of San Marcial, N. Mex., on the 23d. As divided as follows: 


By R. E. Spencer 


the South Atlantic and East Gulf floods were in all cases Tangible property------------.--------------------- $60, 000 

October, they will be discussed in the flood report for that Livestock, 2; 000 

month. Suspension of business__...._....-.----.----.-------- 5, 000 
79447—29——3 
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{All dates in September unless otherwise specified] 


Above flood stages— 
Flood 
River and station | ‘stage | 
From— | To— | Stage| Date 
A 
ATLANTIC DRAINAGE 
Feet Feet 
Santee: Rimini, 8. 12 29 
Congaree: Columbia, S. C__.._..--- 15 28 29 19.1 28 
_ 15 27 29 25.0 28 
Saluda: 
7 26 29 11.2 27 
14 26 (4) 30. 2 28 
Savannah: 
Calhoun Falls, 8. C__......-.--- 6 27 27 8.7 27 
Ge. ll 17 17 11.0 17 
26 28 19. 2 27 
Altamaha: 
Oconee: Milledgeville, Ga__......--- 22 27 25. 2 27 
Ocmulgee: Lumber City, Ga__._---- 15 29 30 15.6 29 
EAST GULF DRAINAGE 
Chattahoochee: Norcross, Ga-- ----- 16 27 238 19.5 27 
Etowah: Canton, Ga__.........-.-- 11 | 26 26 14.0 26 
MISSISSIPPI DRAINAGE 
French Broad: Asheville, N. C_-..-- 4 27 28 5.0 27 
Big Pigeon: Newport, Tenn-__------ 6 26 26 28.0 26 
Elk: Fayetteville, Tenn__..__...---- 14 14 4 14.7 14 
Canadian: Logan, N. 6.0 23 
WEST GULF DRAINAGE 
Nueces: Cotulla, 22 | 184 23 
Rio Grande: 
San Marcial, N. Mex. 36.0 23 
PACIFIC DRAINAGE 
; 11.9 | June 2. 
Colorado: Parker, Ariz_............. 7 aa See { 9.4 | Sept. 27-28 


1 Continued at end of month. 

2 Approximately. 

3 Last reading taken; levee collapsed shortly afterwards. 
4 Continued from last month. 


EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, SEPTEMBER, 1929 


By J. B. Kincrer 


General summary.—-During the first decade the agricul- 
tural situation was materially improved by fairly general 
rains, especially with respect to the condition of the soil 
for preparation of winter grain seeding in the principal 
producing States, and many late crops were benefited 
also, but in general the rains came too late to be of wide- 
spread, marked benefit. In the Atlantic area moisture 
was helpful in general, but some areas were still too 
dry, while there was again too much rain in parts of the 
Southeast; the Gulf area, including the southern half of 
Texas, continued dry, on the whole. Droughty condi- 
tions were effectively relieved in most sections between 
the Mississippi River and the Rocky Mountains, but 
crops were mostly too far advanced to be helped. Severe 
drought continued over the far Northwest. . 

During the second decade there was more or less severe 
frost over a rather wide area, extending from Pennsyl- 
vania, the northern part of the Ohio Valley States, and 
much of Iowa northward. Considerable damage resulted 
to late crops and tender vegetation in some sections, but 
harm was rather spotted. Showers were helpful to minor 
crops in parts of the Southeast, but in other sections 
they were not needed and were mostly unfavorable for 
cotton in the eastern belt. It was still too dry for plow- 
ing and seeding winter grains in a good many places, 
especially in parts of the Ohio Valley and more generally 
in the Northwest and northern Pacific States. 


SEPTEMBER, 1929 


During the last decade there were damaging and heavy 
rains in the Southeast, attending a tropical storm that 
moved northeastward over that section. Rains were 
frequent and in many places heavy, resulting in the 
washing of fields, flooding of lowlands, and damage to 
outstanding crops. Rainfall was still needed in some 
areas, the sections needing moisture most being Michi- 
gan, the northern portions of Indiana and Illinois, and 
Missouri and eastern Kansas. The drought was also 
largely unrelieved in the grain areas of the Pacific North- 
west. The warm, sunny weather in the interior and 
Southwest favored rapid maturity of late crops and only 
local frost damage was reported. 

Small grains.—During the first decade cold weather, 
with considerable snow in elevated northwestern sections, 
was unfavorable for late harvest and threshing, while 
plowing was still retarded in much of the Lake region and 
in the far Northwest because of dry soil. Soil moisture 
was improved, however, in most of the main winter- 
wheat States. During the second decade the soil was still 
too dry and hard for plowing in the northern parts of 
Indiana and Illinois, much of Missouri, and south-cen- 
tral and southeastern Kansas, while this work was ham- 
pered in Wisconsin and Minnesota. Satisfactory ad- 
vance was made in the Great Plains region, except as 
noted above, but in much of the Northwest it was too 
dry for extensive operations. Dur‘ng the last decade 
there was some improvement in conditions for plowing 
and seeding winter wheat, but parts of the Southwest 
continued dry. Good progress in seeding was made in 
the eastern Ohio Valley, but parts of Indiana and Illi- 
nois continued dry. In Kansas seeding was nearly done 
in the western two-thirds, but this work was delayed in 
the east by dry soil. 

Corn.—The corn crop was too far advanced during the 
first decade to benefit materially from the rains, although 
some of the late crop was helped. In Iowa early corn 
was too mature and the late too badly fired for material 
benefit, while in eastern Kansas most corn was mature 
and it was largely beyond frost damage in the northern 
Great Plains. During the second decade corn matured 
slowly, due to cool weather, from the Mississippi Valley 
eastward; in the western belt the crop was largely ma- 
tured. Frosts were rather general in some northern Ohio 
Valley sections, with more or less damage to the late 
crop, while in Iowa the frost killed the leaves of corn, but 
penetrated husks only in local areas. During the last 
decade corn was reported practically all beyond frost 
danger in the western portion of the belt. In Iowa con- 
ditions were only fair for drying, but advance toward 
maturity was very good. At the close of the month 
much was still green in central and southern Illinois and 
10 to 20 days were still required in Missouri. 

Cotton.—During the first decade the severe drought 
that had prevailed in the western Cotton Belt was effec- 
tively relieved in Oklahoma, the northern half of Texas, 
and western Arkansas, but the rains came too late to 
greatly benefit the crop. Progress was very good in 
parts of Texas, but was mostly poor, with continued 
complaints of shedding and premature opening of small 
bolls. Progress ranged from fair to good in Oklahoma, 
with shedding and premature opening checked; east. of 
the Mississippi River there was further deterioration 
because of dry weather in interior sections, while there 
was too much rain in other parts. : 

During the second decade conditions were favorable 10 
the western belt and unfavorable in the east. In the 
western belt, where the period was sunny and practically 
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rainless, conditions were practically ideal for picking and 
ginning; in Texas the crop was largely made. The 
weather interfered with opening of bolls and delayed 
picking and ginning in the eastern belt; some damage to 
staple was reported where rains were heaviest. 

Excellent conditions for picking and ginning prevailed 
during the last decade in the western belt and this work 
made rapid progress. In Oklahoma picking made satis- 
factory advance, although much of the crop was irregular 
with short and low-grade staple. In Texas, the crop was 

ractically made, with poor prospects for a top crop. 
3 the eastern belt heavy to excessive rains and 
floods were very unfavorable, especially in the Carolinas, 
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Georgia, and parts of Alabama, with picking practically 
at a standstill. 
Miscellaneous crops.—Pastures showed improvement 


in some sections, but in others they are short and poor. 


Livestock held up well. Potato digging was well ad- 
vanced at the close of the month, and, except for some 
more or less local harm from frost, truck did well. Sugar- 
beet digging progressed and sugar cane was generally 
favored. Nearly all tobacco was cut in Kentucky at the 
close of the month. Much fruit was blown from the 
trees in Florida by the tropical storm; deciduous fruits 
were doing well in general, and the weather generally 
favored fruit drying in the Pacific Coast States. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The outstanding meteorological features of the month 
for the North Atlantic Ocean were the very severe tropical 
hurricane during the last decade, that will be described 
in the October issue, and the secondary disturbance alo 
the coasts of the Southern Atlantic States that occurre 
during the same period. 

Charts VIII to XV cover the period from the 23d to 
30th, inclusive. Charts will also be prepared for the 
first few days in October, to appear in the next issue of 
the Revirw, showing the track of the tropical disturb- 
ance as it moved northward along the American coast. 
Reports from a number of vessels are given in the table, 
but none of them apparently encountered the full strength 
of the storm, which at times reached hurricane force, as 
they were able to take advantage of the storm warnings 
and thus escape its maximum intensity. 

Disturbances of extratropical origin were somewhat 
below the normal, as over the steamer lanes gales were 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, 8 a. m. (seventy-fifth meridian). North Atlantic 
Ocean, September, 1929 


Aver 
: age Depar- | High- Low- 
Stations pres- ture est Date est Date 
sure 
. Inches Inch Inches Inches 
Belle Isle, 29.93 | 1 +0. 03 30. 34 | 27th 29. 34 | 11th 
Halifax, Nova 30.12 | +-0. 07 30.62 | 22d..... 29.74 | 
30. 11 | 2 +0. 03 30. 50 29.90 | 14th 
30.07.) 2? —0. 01 30. 24 | Ist 29.92 | 18th 
29.89 |2—0.07 | 30.00 | 4th 29.40 | 28th 
29.96 | 2 —0. 04 30.08 | 29.72 | 30th 
Cape Gracias, Nicaragua--_-_-. 29. 84 | 1 —0. 07 29.90 | 4th..__. 29.78 | 20th 
30. 00 | 2 +0. 02 90.43 |} 38... .. 29.94 | 18th.3 
30.13 | 2 +0. 05 30.28 | 13th- 29.90 | 25th. 
30. 18 | +0. 02 30. 44 | 20th... 29. 86 | Ist. 
Lerwick, Shetland Islands__-.. 29. 86 | 1 +0. 02 30. 28 | 25th. 29.12 | 2ist. 
alencia, Ireland. 30.13 | 1 +0. 14 30.36 | 7th 3__ 29. 90 
30.11 |1+0.11 30. 50 | 25th. 29.71 | 20th. 


1 From normals shown on Hydrographic Office Pilot Chart, based on observations at 
Greenwich mean noon, or 7 a. m. seventy-fifth meridian time. 

? From normals based on 8 a. m. observations. 

§ And on other date. 


Results for Julianehaab, Greenland, are not given, as seven days observations were 
missing from that station. 


not reported on more than four days in any 5° square, the 
maximum occurring between the forty-fifth and fiftieth 
parallels and thirty-fifth and forty-fifth meridians. 

Fog was reported on from 12 to 14 days ever the Grand 
Banks; on from 8 to 13 days along the American coast, 
north of the thirty-fifth parallel, and on from 3 to 6 days 
over the middle and eastern sections of the northern 
steamer lanes. 

On the ist and 2d a moderate disturbance was over 
the eastern section of the steamer lanes, with north- 
easterly gales between the forty-fifth and fiftieth parallels 
and twentieth and thirtieth meridians. 

A well-developed Low that was central on the 4th near 
50° N., 38° W., remained nearly stationary during the 
next three days, when moderate to strong gales prevailed 
over an area extending on the 5th from the twenty-fifth 
to forty-fifth meridians. 

From the 7th to 11th comparatively high pressure and 
slight gradients, accompanied by moderate weather, was 
the rule over the ocean as a whole, although a few vessels 
in different locations encountered moderate gales. 

On the 12th a Low central near 52° N., 32° W., was 
responsible for winds of force 7 to 9 that occurred on 
that day as well as on the 13th over the region between 
the thirtieth and forty-fifth meridians. 

From the 14th to 18th there ensued another period of 
moderate weather, except that on the 17th westerly to 
southerly gales were reported off the north coast of 
Scotland. 

A moderate depression that was off the coast of eastern 
Florida on the 18th developed into a severe disturbance 
as it moved northward, and from the 20th to 23d mod- 
erate to strong northeast gales swept the coast between 
Hatteras and New York. 

On the 2ist a well-developed Low was over the Shet- 
land Islands, and on the 22d a moderate depression was 
central near 50° N., 40° W. 

As stated before, Charts VIII to XV cover the period 
from the 23d to 30th, inclusive, and, besides giving an 
idea of the movement of the tropical disturbance, also 
show the conditions over the eastern section of the 
steamer lanes, where heavy weather occurred on the 23d 
and again on the last three days of the month. 
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OCEAN GALES AND STORMS, SEPTEMBER, 1929 
Position at time of Low-| D Direction | Direc- 
Voyag lowest barometer Time of est | tion of | and force | tion of | Highest | gnints of wind 
Vv Gale lowest Gale ba- wind of wind nd force of near time of 
essel ci ended | rom- | when | at time of | when | wind and 0 
Latstnde | Longited barometer gale lowest gale direction lowest barometer 
mee began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
of Inches 
Antwerp._.-- Charleston...) 47 08 N.| 45 40 W. | Sept. 5 p., Sept. 29.02 | SSE_...| WNW.)| WSW,9..| WNW-NW 
AM. Rotterdam_..| New York...| 50 10 N.| 33 00 W. | | 20.07 | W...... WSW., 9..| NNW WSW, 9_- 
Quaker Am. 8. 8..| Portland, Me} 50 03 N.| 37 50 W. | 64,9... | 29.64 | SSW_._| SSW., 7_..| SW.-.-| SW., y. 
Malaren, Swed. M. Gothenburg..| Boston.___..- 53 32 N./| 38 58 W. | NNW. SE.-S.-W.-N 
Sacandaga, Am. 8. S__..| New York...| 51 00 24 53 W. | 29.65 | S......- W., 6.-..| WNW-| NW., 8__... SW.-NW. 
Cameronia, Br. 8. S..--- New York...| Glasgow- 49 33 N.| 4449 W. | 4a., 29.51 | S......- WSW., 7..| NW-_-_-| NW., 9__-| SW.-W. 
Calamares, Am. 8. S_.-.| Canal Zone__| New York.--| 30 33 N.| 79 35 W. | 19.----- 29.94 | NE....| NNE., 5..| NE-.---| NE., 10...) Steady. 
Monterey, Am. 8. Habana... ogresso__..| 28 32. N.| 79 40 W. | 20.-.--- Noon, 20..| 29.77 | NW...-| NE., 7....| NE---.-| —, 10_..... NW.-N.-NE. 
Wildwood, Am. 8. S__--| Hamburg Savannah_._.| 53 10N.| 3 50E. | 29. WSW —, 9....... NW....| —, 
Oriskany, Br. 8. Philadelphia_| Honduras...) 34 10 N.,; 74 31 W. | 21.-.---- 29.91 | NE....! NE., 9....| SE..... E.-SE. 
Hellig Olav, Dan. 8. Halifax___.._. 59 35 N.| 6 21 W. | Sau Hh... WNW.| NW., 9....| S.-W.-NW. 
Essequibo, Br. 8. S__...- allao, Peru.| New York...| 26 02N.| 79 50 W. | 29.91 | NNE..| NNE., -..| ENE--| NE., 10_-_| Steady. 
Bellfiower, Am. 8. 50 37 N.| 36 03 W. | 22...--- 29.40 | SSW...| SSW., 7...| N..---- 
West Durfee, Am. 8. London------ Galveston....| 27 07 N.| 72 50 W. | 23..-.--| Mdt., 23__| 29.81 | N...... NNE..| NNE., 8..| N.-NW.-NNE. 
Hellig Olay, Dan. 8. Halifax___.__- 57 40 N.| 22 44 W. | 22_----- 28.90 | SSW_..| WNW., 9.| W------ WNW., S-WNW. 
Cameronia, Br. 8. Glasgow New York...| 55 10 N. | 20 35 W. | 21_.---- Sa, 29.43 | WNW-) SW., 10.._| WSW--_| SW., 10___| Steady. 
Narcissus, Am. 8. Liverpool_-..| Galveston_.._| 28 40 N.| 71 20 W. | 24..---- Mdt., 24...) 29.....- 29.88 | ESE...) ESE., 5...| S..-.--- ESE., Do. 
Calgarolite, Br. M. S....| Cartagena__..| Montreal____- 34 25 N.| 68 05 W. | 25-..--.-- 10 p., 25...| 26.....- 29.60 | ENE., ENE.-ESE. 
Tynefield, Br. M. Baton Rouge_| 25 48 N. | 77 30 W. | 24------ Dig. 29.66 | SSE_...| SE., 9.___. NE....] —, 10._.... ENE.-SE. 
Wm. G. Warden, Am. | Montreal__-.. Chris-| 38 45 N. | 67 35 W. | 27.-.--- 6a, 90.08 sew, ssw., 10_.| S.-W. 
8. 8. 
Lempira, Hond. 8. Porto Cortez. New York...| 25 30 N.| 79 55 W. | 27...--- 29.45 | ENE.,9__| ENE.-| —, Steady. 
Cameronia, Br. 8. 42 15 N.|63 12 W. | 28.--.-- 29.65 | ENE-.-| NE., 8....| NNE-.-| NE.-N. 
Oscar II, Dan. 8. Halifax_______ 59 35N.| 7 00 W.| 27------ 29.06 | SSE...-| SW., 11...| WSW--| SW., 11...| SSW.-WSW. 
NORTH PACIFIC 
OCEAN 
Ol ia, Am. 8. San Francisco | 45 22 N. | 153 00 W.| 8_.----- 29.38 | SE.---- SE..... Steady. 
Am. Hong Kong. 40 25 N. | 150 30 E. | Noon, 9.__| 10...-.- 29.41 | ESE-.-| E., ESE...| NE., 9....| E.-NE. 
Chief Capilano, Br. 8. S_| Everett. Shanghai_____ 51 20 N.| 170 45 W.| 9_------ 405 29.02 | NNE..-| N., NNW. N-NNW 
Erviken, Nor. 8. Manila_______ 31 29 N.| 132 53 E. | ENE., 7..| NNW .- E.-NNE.-N. 
Hakonesan Maru, Jap. | Olympia--.--- Yokohama_..| 50 42 N.| 169 47 W.| 7.------ 4 29.10 | SE..--- = NNW. ,8..| NNE.-NNW. 
M. 8. 
Pres. Polk, Am. 8. S__..| San Francisco) Kobe________- 33 34 N.| 144 35 E. Spy 29.52 | SSW-.-.-| SSW., NW-....| SW., 9.._.| SSW.-WNW. 
Tokiwa Maru, Jap. S._| Yokohama Victoria_____ 43 05 N.| 157 52 E. 29. 0 ESE-E.-NE. 
Yankee Arrow, San Pedro___.| 44 47 N.| 172 36 E. E., 1 §.-E.-NE. 
Calcutta Maru, Jap. S. S_|..--- a San Franciseo| 41 40 N. |-167 12 E. oon, —-.- WSW.-WNW. 
Maru, Jap. S. S_.| Honolulu._-.| Yokohama._-| 34 47 N.| 152 34 E. 2p., 11.... W.-W. 
34 50 N. | 141 22 E. Mdt., 12_. 8.-W.-N. 
Erie} Maru, Jap. 8. S._...| Grays Harbor} Osaka_____..- 41 46 N.| 153 28 | Steady. 
39 07 N.| 143 30 E. 4p., 14.... 
Emp. oa Asia, Can. 8. 8.| Yokohama-.-! Vancouver.__| 36 36 N.| 144 03 E. 4p., 13__.. E.-SE.-S. 
Nevada, Am. S. Hakodate ...-| San Francisco) 47 35 N.| 165 08 W. Mdt., SSE.-SSW. 
Maru, Jap. | Yokohama---| Seattle.______ 46 31 166 35 E. Noon, 12. ; 
Pres. Grant, Am. 8. 8._.| Victoria_...-- Yokohama._.| 51 31 N.| 174 46 W. 12 p., 12... E.-NE.-NNE. 
Broad Arrow, Am. S. 8__| Nagasaki-_-.-- San Pedro___.| 33 35 N.| 137 15 E. 10 p., 21__- q Steady. 
Hamburg Maru, Jap.S.S_| Yokohama--.-.| San Francisco| 44 21 N.| 162 17 E. 8 p., W.-NNW. 
Steel Trader, Am. 8. S__.| Shanghai_._-- Port 50 10 N. | 163 00 W.} 23_----- Mdt., 23..| 24.....- 28.91 | SE....- SE. 10. SW....] SE., ‘jo....| SE.-SW. 
send. 
Deebank, Br. S. Manila......- Hong Kong. 34 20 N. 124 02 E. | 25.-.--- 29.34 | ESE...) ENE.,—..| NNW ENE.,8__.| ENE.-N 
Akibasan Maru, Jap.S.S_| Yokohame ..| San Francisco) 47 49 N. | 159 39 W.| 27_----- 27...) 29.45 | SSE....| SSE.,9_...| SW-_-..| SSE.,9__.. y. 
Wisconsin, Am. 8. S___.. 47 49 N. | 172 36 W.| 29.-.---- 10 a., 30...| Oct. 2..| 20.55 | WN-W.| 7.......| 
MEXICAN WEST 
COAST GALE RE- 
PORTS 
Havana Maru, S. Los Angeles_-) 15 03N.| 97 23 10....-- 4p., 11_...| Sept. 11) 29.66 | NE,, 8....| NE....) NE., 8....| Stegdy. 
Iowan, Am. 8. S__....._- San Francisco} New York..-| 17 00 N. | 100 40 11-.----- 29.65 | ESE.-.-.| E., 10....- _ 
Atlantic, Am. 8. Everett.....-| Balboa_...._- 17 01 N.} 101 24 W.| 29.68 | N....-. ENE.,10..| E.....- ENE.,10_.| NE.-E. 
Munaires, Am. §. 17 15 N. | 102 05 W.| 29.61 | NE....) ENE.,10..| 
Australien, Dan. M. S___| San 18 45 N.| 104 36 W.| 29.70 | ESE...| ESE., 9...) SE., 10__._| Steady. 
20 23 N.| 107 12 W.} 14.-..--- 29.57 | ESE...| ESE., 8...| NE....| ESE., 8._.| Steady. 
Steel Age., Am. S. S____. New San Pedro_--| 20 30 N.| 106 29W.| $4, 29.59 | SSE... SSW.,9...| SSW_.-| S., 9......- §.-SSW. 
Lancaster, Am San Francisco DOR: 21 20 N. | 108 20 29.50 | ESE...) SE., 7_.-..- SSW_..| SSW.,8.._| SE.-S. 
Willpolo, Am. S......| San Diego_..-| 22 51 N. | 109 53 W.| 15___-.. 28.28 | SE_.... NNW.,12.; WSW-_. NNW.,12- 
Nora, Am. 8. San 28 41 N.| 112 41 16..___- 29.60 | NW_...| NW., SSW... 2 pts. 

_, 18 20 N. | 104 42 W.| 6a., 19----| 29.77 | SW., 10.--| 12 pts. 
Corinto, Am. 8. 13 48N.| 90 59W.| a., 24....| 29.88 | SE., 8... -E. 
Oilfield, Br. S. San Pedro...) Havre__.....- 15 OON.| 96.30 —., 24..... 29.56 | NE....| NE., —...| SE....- E., 9 E.-SE. 

SOUTH PACIFIC 
OCEAN 
Scottish, Can. | Brisbane_--.- Panama__.... 32 10 8. | 120 30 494%... 29.21 | SE..... -SW.-SE. 
y. 
de Larrinaga, Br. | Melbourne...| 45 04 8. | 115 16 | 4...2. 29.36 | NW-....| NW.,—-.-| 
Br. M. 8......- Montevideo. | Magellan__... 50 23 S.| 76 45 8....... Noon, 9.../ 10...... 29.26 | NW_..| NW., NW., 10...| NW.-W 
West Notus, Am. 8. S___| Los Angeles..| Montevideo..| 36 40 S. | 88 39W.| 12._____ 29.81 | ENE_.| ENE., 7...) E.....- ENE.-E 
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1929 
NORTH PACIFIC OCEAN 


By E. Hurp 


A remarkable ee took place in the atmospheric 
pressure of the central Aleutian region in September as 
compared with that of August. In the earlier month the 
Aleutian cyclone, on the average, had become practically 
nonexistent, except for a shallow depression covering the 
upper part of the Gulf of Alaska. The Pacific-California 
HIGH at that time extended northward over the central 
part of the ocean to Dutch Harbor, where the average 
was 30.04 inches. In September the niGH covered the 
central and northeastern parts of the ocean, but the Low 
had developed extraordinarily to less than average 
winter depth, the monthly averages at Dutch Harbor and 
St. Paul dropping each to 29.51 inches, with the minus 
departure from the August reading at Dutch Harbor 
amounting to 0.53 inch. As there was little pressure 
change between the months at Kodiak, it is seen that 
the centers of cyclonic activity in September operated 
principally to the westward of the Gulf of Alaska. The 
greatest intensifications of the Aleutian Low occurred on 
the 13th and 24th. 

Barometric data for several island and coast stations 
in west longitudes, including Point Barrow on the Arctic 
Ocean, are given in the following table: 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level at indicated hours, North Pacific Ocean and adjacent 
waters, September, 1929 


Aver- | Depar- 
Stations | | Highest| Date | Lowest| Date 
sure | normal 
Inches Inch Inches Inches 
Point Barrow 30. 03 30. 48 | 29.74 | 17th. 
Dutch Harbor ! ?__._.......... 29.51 | —0.25 30.06 | 18th... 28.62 | 13th. 
29.51 | —0.19 30. 22 | 7th... 28.96 | 24th.’ 
29.85} +0.15 30.20 | 29.48 | 14th. 
Midway Island !4__........... 30.05 | —0.02 30. 28 | 26th. 29.80 | 12th. 
29.98 | —0.02 30.05 | 29th. 29.87 | 20th. 
30.12; +0.20 30. 32 | S5th..... 29.62 | 13th. 
Tatoosh Island §¢___.._...-.... 30.03 | +0.02 30.22 | 28th_ 29.75 | 16th. 
San Francisco 29.88 30.05 | 28th. 29.74 | 15th. 
San Diego 29.84; —0.04 29.99 | 28th. 29.59 | 16th. 


5 A. m. and p. m. observations. 
6 Corrected to 24-hour mean. 
7 Also on 25th. 


1 P, m. observations only. 
2 For 29 days. 
3 For 28 days. 
4 For 27 days. 


No gales were reported by seamen as occurring along 
the American coast between the thirtieth and sixtieth 
parallels. But with the abrupt change barometrically 
from quiet summer to active autumn conditions in central 


‘higher latitudes of the Pacific, there occurred a consider- — 


able increase in storminess both as to numbers and force 
of the gales encountered by steamships traversing the 
more northerly routes between meridians 155° W. and 
180°. In some localities here gales were observed on 
from five to seven days of the month, the forces ranging 
from 8 to 10. To the westward gales decreased in number 
almost to the Japanese coast, but on the 12th attained 
great violence between latitudes 40° and 50° N., longi- 
tudes 165° and 175° E., where whole gales to hurricane 
Velocities were reported. Most heavily involved at this 
time was the American steamship Yankee Arrow, A. 
Andersen, master; A. H. Jones, second officer and ob- 
server. This vessel ‘“‘hove to, with wind and sea on port 
bow, from 1 a. m. to 7 a. m.” of the 12th, battling a 
northeast hurricane, lowest pressure 28.63 inches, in 
44° 47’ N., 172° 36’ E. 

Of the gales that swept the near coast waters, south 
and east, of Japan, practically all resulted from the pas- 
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sage of ——— or milder tropical disturbances. High 
winds of this character, forces 8 to 10, were reported as 
of the 9th to 14th, inclusive, and on the 21st and 22d. 
Probably gales of greater force, though as yet unreported, 
blew off the south coast on the 29th and 30th, due to the 

resence there of the typhoon mentioned by the Rev. 

osé Coronas, of the Philippine Weather Bureau, in his 
subjoined article. The Philippines typhoon of the 17th 
and ‘18th was reported by the Dutch steamship Modjo- 
kerto, which encountered a southwest gale of force 8, 
lowest barometer 29.68, a short distance outside of Manila, 
on the 18th. 

Mexican west coast waters were visited by gales, some 
of hurricane intensity, on at least 10 days of the month. 
These resolved themselves into a principal tropical cyclone 
of the 10th to 18th, a perhaps local disturbance of the 
19th, and a pronounced depression of the 23d and 24th. 
The major storm, being of considerable importance, is 
described in a separate article. The storm of the 19th 
may have been identified with the general disturbed 
conditions prevailing for several days off the Mexican 
coast, or it may have been a cyclone with individual 
characteristics. So far as reports show, however, it was 
experienced only by the American tanker Nora, which 
encountered strong to whole east to southwest gales 
between Acapulco and Manzanillo. The fresh to strong 
gales of the 23d and 24th are to be identified as belonging 
to a cyclonic wind system occurring south and southeast 
of the Gulf of Denham he lowest pressure 
observed was 29.56 inches read on board the British 
steamship Oilfield on the 24th, in 15° N., 96° 30’ W. 
This vessel, southbound, passed the center of the dis- 
turbance, with east changing to southeast wind, between 
10 a. m. and noon, barometer thereafter rapidly rising. 
It is not yet known if the cyclone filled up or passed out 
to sea. 

The prevailing wind direction at Honolulu was east, 
and the maximum velocity was at the rate of 22 miles an 
hour from the east on the 28th. The month here was one 
of the warmest Septembers on record. 

Fog declined rapidly in occurrence over that part of 
the northern steamship routes west of the one hundred 
and eightieth meridian, the percentage falling from 50 in 
August to about 10 or 15in September. Fog was slightly 
more frequent along the part of the upper Abert, ing 
south of the Gulf of Alaska, but was most frequent along 
the American coast from Alaska to the northern part of 
Lower California. Off most of the coast of the United 
States proper at least 50 per cent of the days had fog. 
The phenomenon occurred locally on the 6th off the 
Costa Rican coast and on the 9th in the lower part of the 
Gulf of Tehuantepec. Off the Washington and Oregon 
coasts visibility was often poor or obscured, due to smoke 
or combined smoke and fog. The American steamship 
Admiral Peoples on the 7th reported low visibility from 
Yaquina Head to the Columbia River, due to smoke, and 
the American steamship Emma Alexander further reported : 

Left Victoria at 9.30 a. m., 15th. Encountered smoke in Straits, 


becoming dense off coasts of Washington and Oregon; 17th, heavy 
smoke to dense fog, all due to extensive forest fires. 


THE MEXICAN WEST COAST HURRICANE OF SEPTEMBER 
10-18, 1929 


By E. Hurp 


This severe storm originated, so far as reports indicate, 
near or over the southwestern waters of the Gulf of 
Tehuantepec as early, at least, as the 10th, when the 
Japanese steamship Havana Maru, southbound, experi- 
enced a moderate north-northeasterly gale and falling 
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barometer. At 4 a. m. on the 11th the same vessel, 
near 15° N., 97° W., reported a fresh northeast gale, 
barometer down to 29.66. On the same day the American 
steamship Jowan met with gales from ESE., force 8-10, 
near 21° N., 107° W., with slightly depressed barometer. 
On the 12th the Jowan had gales of similar force from the 
east near 17° N., 101° W. 

Radio reports of the 12th received by the French 
steamship Texas from several vessels, and furnished by 
her to the Weather Bureau, show that fresh gales to 
hurricane squalls from east, southeast, and southwest 
directions occurred between 15° and 17° N., 99° and 
103° W. On the 13th and 14th the weather was stormy 
along much of the coast from slightly above Salina Cruz 
to the mouth of the Gulf of California, with heavy east- 
erly to southeasterly gales reported from Acapulco, Man- 
zanillo, and Mazatlan. On the 13th the cyclone had 
become undoubtedly severe, with the center localized at 
near 18° N., 104° W., where the Texas encountered a 
full easterly hurricane with very heavy rain early in the 
afternoon, lowest barometer 29.39. Later in the day, as 
she proceeded southward, her pressure rose, with dimin- 
ishing southeast gales. 

On this date the American steamship Munaires, bound 
toward the canal, ran into gales from northeast early in 
the morning, barometer 29.69, in 17° 20’ N., 102° 10’ W. 
Apparently she was hove to for the better part of the 
day, while the wind changed to east, then southeast, 
increasing to force 11 at 10 a. m., and decreasing to force 
7 at 8p.m. As the gale rose, however, so did the pres- 
sure, according to the report furnished by third officer 
and observer, O. R. Smith, the barometer reading 29.81 
at the height of the storm. ‘‘There were no unusual 
weather conditions,” said Mr. Smith, ‘‘to give warning 
of the approach of this storm excepting the heavy seas 
which were encountered some eight hours before the 
storm.” 

During the 14th and 15th no gales were reported 
higher than force 10, but it was apparent that the central 
area of the cyclone was moving up the coast and at no 
great distance from it. 

On the 16th, although observations failed to come 
through from neighboring land stations, the full intensity 
of the storm at sea became manifest. The American 
steamship Willpolo, Balboa to San Diego, had a barom- 
eter of 28.94, wind ESE., 9, at 6 a. m., in 22° 51’ N., 
109° 53’ W. At 6.30 the wind had increased to force 10, 
barometer -28.74; at 6.40 the wind had become an east 
hurricane, and at 7 the barometer read 28.32 (corrected). 
At about 7.30 the hurricane wind changed to north, then 
went into north-northwest at 8.10, barometer lowest at 
28.28. At noon the wind was west, force 10, weather 
moderating. The American tanker Nora reported fresh 

ales during the afternoon well up in the Gulf of Cali- 

ornia. 

The cyclone swept rapidly northward on the 16th with 

eat loss of intensity, and entered southern California, 

owest barometer at San Diego, 29.59. At morning 
observation of the 17th at this station the temperature 
attained the extraordinary height of 93°, the record 
maximum for that hour (4.45 a. m.), with wind off the 
desert. It was followed by sprinkles during a part of 
the forenoon, and at 4.10 p. m. by a maximum wind 
velocity of 28 miles from the southeast, which is the 
record velocity at San Diego for September. On the 18th 
all that remained of this Mexican hurricane was a shallow 
elongated low lying north and south to the eastward of 
San Francisco. 
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This is the first cyclone of the Mexican west coast during 
the 20-year period 1910-1929, known by the writer to 
have pursued a course thus northward into California. 
The only other storm of the period, the track of which has 
actually been traced into the extreme southwestern part 
of the United States, was that of September, 1921, which 
passed up the west coast of Mexico, caused damagin 
rains in southwestern Arizona, then went northeastwar 
as a fully formed cyclone, and before dying out in October 
nearly crossed the Atlantic Ocean. 


FURTHER NOTE ON THE PHILIPPINE TYPHOON OF APRIL 
25-26, 1929 


By Wituis E. Hurp 


In the April issue of the Review mention was made of 
a press report of a typhoon experienced April 25-26, 1929, 
by the American steamship Edgefield, Capt. W. H. 
Walker, Sagay, P.I.,toSan Pedro. The Weather Bureau 
now has Captain Walker’s own report of the storm, which 
he characterized as being of small area but of great in- 
tensity and the worst of five typhoons of his experience. 
He noted that “‘we were approximately 300 miles from the 
place where the Elkton was lost with all hands in 1927.” 

At noon of the 24th the Edgefield was in latitude 14° 46’ 
N., longitude 126° 50’ E., wind NE., 5, barometer 29.62 
(uncorrected), rough head sea. Twenty-four hours later 
she was in 16° 16’ N., 128° 41’ E., wind ENE., 6, barom- 
eter 29.57. At 3 a. m. of the 26th she was in the outer 
edge of the typhoon center, wind west, 12, barometer 
28.10, pressure having fallen exactly 1 inch in two hours. 
Quoting now from the captain’s report: i 

25th. Wind increasing rapidly as midnight approached and 
barometer falling, with tremendous confused sea. 

26th. Center of typhoon passed over vessel about 3 a. m., with 
wind practically calm and atmosphere very oppressive. From 
1.50 to 2.35 a. m., just before center, vessel refused to steer, owing 
to force of wind, and fuel oil was pumped overboard in effort to 
ae After passage of center, weather and sea moderated 
rapidly. 


TYPHOONS AND DEPRESSIONS—A DESTRUCTIVE TY- 
PHOON OVER SOUTHERN AND CENTRAL LUZON ON 
SEPTEMBER 2 AND 3, 1929 © 


By Rev. Jos& Coronas, 8. J. 
[Weather Bureau, Manila, P. I.] 


This is the first destructive typhoon we have had over 
the Philippines since the Euzkads typhoon of last Novem- 
ber. The track followed by this typhoon during the first 
two days of September was very dangerous for Manila, 


where all possible precautions had been taken. But. 


fortunately the typhoon, which had been moving west 
by north, inclined northwestward just in time to save our 
city from a real calamity. 

Our weather map showed the first signs of this typhoon 
at 6 a. m. of September 1, when the center was situated 
about 350 miles to the east by south of Manila not far 
from 127° longitude E. and 14° latitude N. It moved 
rather slowly westward, with a little inclination to the 
north, and was severely felt on the 2d in the sub- 
Province of Catanduanes and the Provinces of Sor- 
sogon, Albay, Camarines Sur, and Camarines Norte. 
At 6 a. m. of the 3d the center passed very near to the 
northern coast of Camarines Norte, headed for Polillo 
Island and Infanta, a municipality of Tayabas Province 
situated about 45 miles to the east of Manila. Our 
observer of Infanta reported a barometric minimum of 
722 millimeters (28.43ginches,f gravity correction not 
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applied) at 12.15 p. m. of the 3d, and we know from 
reliable sources that a good aneroid barometer of Polillo 
fell to 716 millimeters (28.19 inches) while the vortical 
calm was observed. 

As stated above, the typhoon inclined to northwest 
when the center was practically over Infanta, but after 
only six hours it took again the former west by north 
direction, which was kept across the China Sea until 
the center reached Paracels; then it moved west-north- 
west, passing at 2 p. m. of the 6th near to the south of 
the Gulf of Tongking. 

As it was to be expected, very intensive damage was 
done by hurricane winds and heavy floods that followed 
the typhoon in Infanta and Polillo, thousands of people 
having been left homeless and destitute, while a good 
number were either missing or found dead. In other 
parts of Luzon the losses caused by the winds were not 
so great as those caused by the floods, which are con- 
sidered very extraordinary. The water supply of Manila 
was seriously affected by a break in the water mains as 
a result of these, floods. 

Up to the present our stations that reported the 
heaviest rains are those of Virac and Daet. The observer 
of Virac reported 488 millimeters (19.21 inches) for the 
ist of September and 392 millimeters (15.43 inches) for 
the 2d: a total of 880 millimeters (34.64 inches) in 48 
hours. At Daet the amount of rain collected on the 
ist and 2d was 124.9 millimeters (4.92 inches) and 
470.7 millimeters (18.53 inches), respectively; a total 
amount of 595.6 millimeters (23.45 inches) in 48 hours. 
We will never know the amount of rain falling at Infanta 
as the rain gage- was carried away by the winds and 
the floods. 

The number of lives lost in this typhoon was over 200. 
The railroad steamer Mayon sunk off the coast of Luzon 
near Pasacao on September 2. The provinces most 
severely affected by this typhoon were Tayabas, Albay 
(including Catanduanes Island), Camarines Norte, Ca- 
marines Sur, Sorsogon, Rizal, Bulacan, Pampanga, 
Nueva Ecija, and Tarlac. 

The approximate position of the center on the period 
September 1 to 6 was as follows: 

September 1, 6 a. m., 127° 05’ longitude E, 14° 00’ latitude N. 

September 2, 6 a. m., 124° 50’ longitude E, 14° 10’ latitude N. 

September 3, 6 a. m., 122° 35’ longitude E, 14° 35’ latitude N. 

September 3, 2 p. m., 121° 20’ longitude E, 15° 00’ latitude N. 

September 4, 6 a. m., 118° 55’ longitude E, 16° 00’ latitude N. 

September 5, 6 a. m., 113° 30’ longitude E, 16° 30’ latitude N. 

September 6, 6 a. m., 108° 30’ longitude E, 17° 30’ latitude N. 

Besides the destructive Luzon typhoon of September 
zd to 3d, there were in the Far East during the month of 
September five or six other typhoons of less or no impor- 
tance for the Philippines. 

On September 17 a small typhoon center was noticed 
over the Camarines Provinces which caused an unprece- 
dented flood in Camarines Sur. It was reported that 
even the highest ground on the town of Nabua was cov- 
ered by water to a depth of nearly 3 feet. Other towns 
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of Camarines Sur were reported also as completely sub- 
merged. In Naga, the capital of the Province, the lower 
parts of the town were covered to a depth of from 2 to 
3 feet. The total daily rainfall reported from that place 
for the 17th was 227.8 millimeters (8.97 inches). The 
small typhoon moved northwestward and passed to the 
north of Manila in the morning of the 18th. Across the 
China Sea it moved almost westward until the afternoon 
of the 20th, when it moved again northwest not far from 
the coast of Indo-China. With the exception of the 
floods of Camarines Sur, not much damage was done by 
this typhoon. 

On September 8 to 9 a well-developed typhoon was 
recurving northeastward about 300 miles southeast of 
the Loochoos. Its center was shown in our noon weather 
map of September 10 as passing southeast of Tokyo near 
the coast of Japan. The approximate positions of this 
typhoon at 6 a. m. of September 9 to 11 were as follows: 

September 9, 6 a. m., 131° 30’ longitude E, 25° 00’ latitude N. 


September 10, 6 a. m., 136° 35’ longitude E, 31° 35’ latitude N. 
September 11, 6 a. m., 152° 00’ longitude E, 40° 50’ latitude N. 


Another typhoon center moved northeastward about 
300 miles north of Guam on September 6. 

Two typhoon centers of « similar track moved first to 
north-northwest from the Pacific east of Balintang Chan- 
nel and then recurved eastward in the neighborhood of 
the northern Loochoos. Both were shown in our weather 
maps of September 19 to 22, and September 27 to 30, 
respectively. The approximate positions of these two 
centers for each day were: 

First typhoon: 
September 19, 6 a. m., 127° 30’ longitude E, 20° 25’ latitude N. 
September 20, 6 a. m., 126° 00’ longitude E, 25° 15’ latitude N. 


September 21, 6 a. m., 128° 45’ longitude E, 29° 15’ latitude N. 
September 22, 6 a. m., 136° 40’ longitude E, 30° 20’ latitude N. 


Second typhoon: 
September 27, 6 a. m., 129° 00’ longitude E, 20° 20’ latitude N. 
September 28, 6 a. m., 127° 25’ longitude E, 23° 30’ latitude N. 
September 29, 6 a. m., 129° 00’ longitude E, 28° 00’ latitude N. 
September 30, 6 a. m., 136° 00’ longitude E, 28° 10’ latitude N. 


Finally, our weather maps showed a small typhoon 
center which followed a very peculiar track from Sep- 
tember 5 to 10. It moved almost north over the Pacific 
more than 400 miles east of Balintang Channel and For- 
mosa, and then recurved gradually to northwest, west, 
southwest, and south-southwest in the neighborhood of 
Naha, Loochoo Islands. The approximate position of 
the center day by day from September 5 to 10 was as 
follows: 

September 5, 6 a. m., 130° 05’ longitude E, 20° 05’ latitude N. 

September 6, 6 a. m., 129° 15’ longitude E, 24° 35’ latitude N. 

September 7, 6 a. m., 128° 00’ longitude E, 27° 00’ latitude N. 

September 8, 6 a. m., 125° 05’ longitude E, 24° 50’ latitude N. 

September 9, 6 a. m., 122° 00’ longitude E, 21° 55’ longitude N. 

September 10, 6 a. m., 120° 00’ longitude E, 18° 45’ latitude N. 


On the 9th and 10th the typhoon was filling up grad- 
ually while continuing moving south-southwest. It had 
disappeared already on the 11th. 
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CLIMATOLOGICAL TABLES! 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that . 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, September, 1929 
Temperature Precipitation 
| Monthly extremes gi Greatest monthly Least monthly 
a} a < < 
| 
°F, oF. oF. In. In. In In. N 
| 747 | —0.7 | 98 | 210 | Riverton............ 43 19) 5.83 | +2.56) Dothan............. 13. 86 | 2. 98 E 
Arizona...............| 740 | +0.3 | 114 8 |.1.88 | +0.64 | 6.18 | 0. 03 E 
Arkansas._............| 73.4 | —0.8 | 2 stations___......... 102 | 21 2stations_.........- 41) 19) 2.46 | —0.97 | Waters..........-... 5. Pine 0. 31 F 
| 66.5 | —0.8) 117 12 25 | 0.19 | —0.35 | 3.21 | 114 stations..........| 0.00 
55.5 | —2.1 | 100 2 | 2stations._..........| 15 9 | 2.60 | +1.20 | Terminal Dam..---- 0. 33 
79.2 | —0.2 | 3 97| 28{ Mount Pleasant____- 49 | 21 |10.98 | +4.21 | 25.15 | New Smyrna......-. 3. 94 C 
97 44 19 | 9.62 | +6.15 | 24.51 | Montezuma......... 2. 68 
| 5442 | —2.9 | 99 | 216 | New Meadows.....- 13| 22) 054] —0.44/ Grace 2. 67 | 3 stations......--.... 0. 00 T 
66.1 | —1.3 96 | Freeport............ 30} 18| 2.94 | —0.68 | 8.17 | 0. 66 B 
66.1 | —0.9 | South 99 2 | 28 19 | 3.05 | —0.07 | Evansville. 6.50 | Veedersburg -- 1. 08 
62.4 | —1.9 | 98 2 25| 18! 3.74 | 40.07] 7.36 | 1. 55 L 
67.2 | —2.4 | 2 105 34| 10] 1.91 | —0.88 | 3.70 | Independence 0.32 N 
Kentucky............. 69.5 | —0.9 | Beaver 5 | Farmers............- 35| 20 4.69 | +1.86 | Burnside... ....... 8.54 | Hopkinsville- 1. 83 R 
Louisiana--_-.-..._... | 77.6 | —O3 | Dodson_........-..- 102 9 | 4stations._......... 51 | 219 | 4.28 | +0.32 | New Orleans (No. 2)-|17.10 | Plain Dealing-- 0. 60 ¥ 
Maryland-Delaware_-_ 68.3 | +0.8 | 2stations._._....... 100 2 |. Satetions............) 25 19 | 3.62 | +0.36 | Maryland Line, Md_| 7.73 | Newburg, Md------ 0. 68 
Michigan. | 60.2 | +0.1 | 98| 19| 1.76| —1.45 | 6.01 | Howard 0.73 | 
| 56.1 | —2.2 103 2 | 2 stations__- 14 | 217 | 3.80 | +0.93 | Willmar............. 8.51 | Red Lake Falls_--.- 0. 80 A 
Mississippi............| 748 | —0.4 i 100| Eupora____. --| 45| 19 | 4.22 | 41.28] Bay St. Louis....... 19.16 | Vicksburg... 0. 34 C 
-| 67.4 —1.6 | 3 stations 98 | 22] 33 18 | 3.20 | —0.64 | 32 | Nevada............- 0. 88 G 
51.0) | 1038 1 | Conway’s ranch.._.. 12 4.45 | 0. 10 
60.0 —3.9 110| 2stations............| 28| 25 | 2.82] +069] Butte............... 8.06 | Western..........-.- 0.75 
| 61.0) Las 107 | | Rye 14| 28 | 0.34 | —0.08 | 2.04 | 16 stations.........-. 0.00 
New | 61.5 1.9 | Springfield, Mass.._' 102 5 | Chelsea, 21 | 220) 2.47 | —0.99 | Nantucket, Mass_..| 5.88 Nat 0. 55 
ale, Conn. 
New 67.0 +15 23 | 21|4.74| +1.11 | 8.24 | Atlantic City...._ 2. 12 G 
New Mexico... 63.6 —0.3 | 101| 5 | 13| 17 | 2.10 | +0.51 | Selsor 7.02 | Orogrande--.......- 0.10 
| 63.2 | +2.1 | 102 3 | Indian 19 | 220 | 3.22 | —0.23 | Conklingville_...... 7.73 | Harkness............ 1,12 Je 
North 69.8 | —0.3 | 2 95 6 | Banners Elk. 30 | 219 | 5.82 | +2.07 | Rock 18.00 | Neuse..............- 1.61 
North | §2.7 (73.7 | Maddock... 105 12| 17/ 1.65 | +0.01 | 4.31 | Mayville............ 0, 21 
| 65.5 0.0 | Washington Court- | 99 3 | 28} 3.02 | +0.01 | Batavia_............ 6.17 | 1. 47 K 
ouse. 
| 72.4) —1.6 | 2stations...........- 106 | *1 38| 10 | 3.93 | +0.48| 
Cui ss | 57.7 | —0.6 | Oakridge...........- 103 16 | Harney Branch Ex- | 12 27 | 0.28 | —1.12 | Headworks__.._..... qT 
| periment Station. 
Pennsylvania. | 65.7 1.7 | 101 24 19 | 3.71 23 | 
South | 726 | —L8 | 97 6 | Caesars Head--____- 39} 20 | 7.36 | +3.18 | 
South 56.9 | —4.0 | 110 2 | 3 stations__.......... 20| 18 | 3.21 | +1.52 | Sioux A 
| 71.2) 0.0, 2stations_........._. 98; *6 | Crossville........... 35 | 4.79 | +1.73 | 
| 
(77.4 +0.2 | 3 stations... 106 | 23 40| 10/274 | —0.14 | Al 
| 0.4 | —13 99 21 | Soldier Summit_.__- 23} 28/223] +1.09 | 
Virginia__. - 68.7  +0.5 | 98 | Burkes Garden__._- 26} 19 | 2.63 | —0.79 | 7 Al 
57.9 | 100 | 212 | Newport (a)-....... 19 | 30 | 0.45 | —1.54 | Index (Sunset Mine) 
West 66.5 Moorefield 102 3 | 2 stations............ 24 919 | 2.95 | —0.21 | 6 
59.1 —0.6 | High 101 20} 18/ 3.55 | —0.06 | Ce 
Dull Center (near)..| 1)| Dome Lake......... °8| 208 | 40.60 | 
Alaska | 52.3 | —0.8 | Skagway............ 87 3 | McKinley 24/ 29/321} +0.13 | 21.07 | White Mountain 0.21 Ne 
| 75.9 +1.7 | 2stations............ 95} 29 Observa- | 53/ 15 | 2.61 | —3.51 | Keauhou (No. 2).--./18. 84 | 4 0. 00 
Sh 
Porto Rico............ 78.7 —0.2 | 61 7 | 8.00 | +0.01 | Maricao............- 24.61 | 4.07 
Li 
1 For description of tables and charts, see REVIEW, Januaay, 1929, p. 36. ? Other dates also, 5 
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TaBLE 1.—Climatological data for weather bureau stations, September, 1929—Continued 

Elevati f Fe 

Temperature of the air 8 = | &| Precipitation Wind 

sis 8 8s 

Ft. | Ft.| Ft.| In. | In oF, PF) °F) °F | °F. % | In. | In. Miles 0-10| In. | In 
Ohio Valley and Ten- —0,1 76, 3.57) +0,6 5.3 
nessee 
Chattanooga 762) 190| 215| 29. 30. 03 0} —0. 2) 91) 7] 20) 5°] 19 5.66) +2.6) 10) 3,691 21| se. 5| 5] 14] 11) 6.0} 0.0) 0.0 
995, 102) 111) 29.02) 30.05 .0| +0.4) 91) 8) 80) 47) 19 4.39) +1.7} 14) 3, 333 19| sw 8] 11] 11) 5.5} 0.0) 0.0 
Memphis. 76) 97| 29.58) 30.00 . 8) +0. 2) 91) 3) 82) 51) 19 1.62; —1.2 3, 355 18) sw 5} 6/15) 5.5) 0.0 0.0 
| 546) 168) 191) 29. 48) 30.06 .6| —0. 2; 92; 6) 81) 48) 19) 4.85) +1.4) 11) 4,320 28) nw 9} 14) 0.0 00 
989) 193) 230) 29.02) 30. 08 . 2; —0. 3) 90) 2 77) 40) 19) 4.35) +1.3] 13] 6,983 24| n. 29| 12) 11] 7| 0.0 0.0 
525) 188 234) 29. 50) 30. 08 . 2) —1.3) 91) 2) 78} 43) 19) 3. 21} +0.4) 12) 5,028 32] w. 13) 11) 10) 4.9) 0.0 0.0 
Evansville___- 431) 76) 116) 29.61) 30.07 —0.9| 92! 78) 46) 19 6. 50) +3. 2) 12) 3,877 w 16} 131 10 4.9) 0.0 0.0 
Indianapolis. _ 194) 230; 29.18, 30.07 —0.5| 75) 19) 2.03} —1.4 6, 025 20| w 5/14, 6| 10 4.8) 0.0, 0.0 
Royal Center____- 736| 11) 55) 29.29) 30.09 90] 2) 74) 35) 19 2.81) —0.1 5, 300 28) sw 9} 12 11 5.0} 0.0 0.0 
Terre 575| 96) 129) 29.44) 30.06 66. 91) 3 76) 40) 19) 2.72} —0.9| 10) 4,830 32| sw 9} 13) 4) 13 5.1) 0.0 0.0 
11) 51) 29.40, 30.08 67.1} 92) 2) 77} 19) 5.17} +2.5| 12 3,347 20) se. 16| 12) 8| 10| 5.0} 0.0 
822} 179} 222) 29. 22) 30.09 66.3; —0.2| 91) 3) 75) 40) 19) 2. 28} —0.3) 14) 5,034 32) nw 5} 11) 9} 10) 5.0) 0.0) 0.0 
137) 173, 29.13) 30.07 66.3; —0.3| 91) 2) 76) 40) 19 3.04; +0.1) 13) 4,310 23) ne 30; 11) 11, 5.7; 0.0) 0.0 
Elkins. 67] 28.09) 30. 12 62.9) —0. 1) 87! 6) 76 32) 19) 3.28; +0.1) 10) 2,135 24| w. 10; 7| 13) 5.5) 0.0) 0.0 
637, 77) 82) 29.45) 30.11 68.0) +0. 7) 92, 3) 79) 40) 19) 4.12) +1.4) 11) 2, 497 28) nw. | 11) 7 12 5.6) 0.0 0.0 
842) 353) 410, 29.20 30. 10) 67.1) +0.7) 90, 5) 76) 40) 19 1.05) —1.5 4, 739 32| w. 10| 10, 12 5.3| 0.0) 0.0 
} 

Lower Lake Region | | 64,2, +1.2 | | 2.62, —0.4 5.1 
767) 247) 280) 29. 25) 63.1} +0.7| 86, 5) 70) 37) 20 3.25) +0.3 sw. | 10/12) 7] 11, 4.8] 0.0) 0.0 
10, 61) 29.60 61.2) +1.9} 91) 5) 71) 25) 21) 2.51; —0.8 39| sw. 10) 16} 6} 8 4.3) 0.0) 0.0 
836| 100) 29. 20) 92} 4) 73 20) 2.42) —0.6) 11) 26) s. 16| 11) 14) 5.7) 0.0) 0.0 
| 335) 76) 91) 29.72 £702] 63.4) 89) 5: 71| 38) 20) 3.16, +0.4| 12 sw. | 9| 10 5.4} 0.0, 0.0 
| 523, 86 102) 29.53 +. 04| 64.6) +2.2) 94 5! 74) 36) 20 | 2.87; +0.4 35| w. 10, 12) 4| 14 5.0) 0.0 0.0 
| 596) 65, 79) 29. 46 +. 04) 65.2) +3.6) 93) 4) 74) 35) 21) 3.90; +1.2) 11 20) nw. 11; 10 10) 10, 5.5} 0.0) 0.0 
| 714 130) 166) 29.32 +. 03] 65.2) +1.6) 87, 5) 72) 40) 19) 1.89; —1.5) 12 34, sw | 10 14 3) 13] 4.9} 0.0) 0.0 
| 762) 267) 337) 29. 27 +. 03) 65.6) +1.7) 90, 5) 73) 44) 20 1.62) —1.7| 12) 35| w. 10, 13) 13| 0.0) 0.0 
| 629) 67) 29.42 +. 04] 65.6} +0.3) 94) 3) 74) 42) 15 2.53) —0.4; 12 w. 10) 5.6) 0.0} 0.0 
628) 243] 29.42 +. 04) 64.2} —0.2) 90 3) 73) 42) 18 3.21] +0.4) 12 36| w. 512, 10 4.7 0.0 0.0 
Fort 856) 113, 124) 29. 16 63.8; —1.7| 3) 73) 38) 19 2.35) —0.7) 11 23) w. 16; 11) 8} 11, 5.1) 0.0) 0.0 
730) 218) 258) 29. 31) +. 64.8) +1.3] 90) 3) 73) 42) 18 1.75) 10 31| sw. 13} 12} 7| 4.7) 0.0) 0.0 

| 

Upper Lake Region | | | 59,3| —0.3 2.48) —0.9 5.4 
609 13) 92) 29.42 30.08 57.6} 0.0) 96; 3) 67) 30) 19 1.90) —1.1 nw. | w 10) 12} 7| 11) 5.2) 0.0) 0.0 
612 54) 60) 29.39 30.05 55.8} —1.3| 79) 3) 63) 34) 18 2.04) —1.3) 12) 28) nw 10} 10) 13} 7| 5.2) 0.0) 0.0 
Grand Haven... 632 54 29.39) 30.07 60.6} —0.3| 84 4) 70) 36) 19 0.88) —2.8| 6 36| w. 10, 10, 12) 4.9) 0.0) 0.0 
Grand | 707, 70| 29.32) 30.08 62.9} +0.2| 91) 3) 36| 19 0.99} —2.5| w. 24) nw. | 10 4, 17) 6.2) 0.0) 0.0 
| 668 64 99! 29.29) 30.02 56.2} —0.7/ 94) 2) 64 17 3.60; 0.0) 13) e. 25] w. 10} 6 10) 14) 6.5) 0.0) 0.0 
| 878) 6) 49) 29.14) 30.08 61.4) 0.0) 92) 73) 32| 19 1.23} —1.7| 8. 18| w. i1| 9} 10 5.3) 0.0) 0.0 
Ludington... | 637) 60, 66, 29.37 30.06 58.9} —0.4/ 81; 2) 67) 35) 19 2.88) —0.4) 12) s. w.: | 10) 13 11) 6) 4.1) 0.0/0.0 
Marquette... | 734) 77) 111) 29. 23) 30.04] +. 04] 57.3] —0.2| 96; 3] 65] 36) 18 3.79) +0.5| 15 nw. | 37| sw. | 15) 6) 10) 14| 6.4| 0.0] 0.0 
Port Huron 638, 70, 120) 29.39) 30.08) +.02| 62.5) +0.9) 92) 3) 72) 37| 18 1.16} -1.7| 7 . | 31) w. 10, 9) 15) 6) 4.4) 0.0) 0.0 
Sault Ste. Marie 614) 11) 52) 29.37) 30.07) +.05| 56.4] +0.9] 89| 4) 65] 33) 19 2.92} —1.3} 13 | 30) nw. | 10) 12) 12) 6.1) 0.0] 0.0 
Chicago____- 673, 131) 29.35) 30.07) +. 03] 64.6) —0.6) 91) 2) 42) 18 3.03} —0.1) 8 25} sw. | 13) 11) 8| 11| 4.9) 0.0) 0.0 
Green Bay___- --| 617) 109| 141) 29.38) 30.04] +. 02) 59.8} —0.6] 92) 3) 35) 18 2.38} —1.1| 9 32| s. 15| 8| 9} 13] 6.0} 0.0) 0.0 
681) 125) 221) 29. 33) 30.06] +. 03] 62.3} —0.2| 93) 70) 37/ 18 3.15] —0.1) 33| sw. | 15] 13) 5| 12) 4.9] 0.0] 0.0 
1,133, 5) 47) 28.80) 30.02) +. 04] 53.8) —1.3| 90| 2) 63) 28) 19 4.82} +1.5) 13 | 4/11; 7| 5.7) 0.0/0.0 

North Dakota | 52.7; —4.5 1.60, 0.0 6.1 
940 50) 58) 28.99) 30.01 54.8] —3.4) 93) 1) 65] 24] 18 0.91) —1.3 23} s. 21| 7| 7| 16) 0.0) 0.0 
Bismarck. 1,674, 8 28.22) 30.01 53. —5.0/102) 1) 64} 18 1.69) +0.5 25} sw. | 12| 0.0) 0.0 
Devils 1,478} 11) 44) 28. 42) 30.00 50.8} —5.1/100) 1! 61) 18 2.73) +1.1 24| ne, 2} 10) 13) 6.1) 0.0) 0.0 
1,457, 10| 56| 28.45) 30.02 94| 1| 65] 18 1.40} —0.6 1 nw. | 3) 4) 9| 17; 6.9) 0.0/0.0 
Grand 12) 67 95} 18] 18 ‘Sx 15| 14) 10) 0.0} 0.0 
1,878 41) 48 52.2) —4.4| 96 1) 63] 31) 8 1.25] +0. 2 nw. | 3 10 13| 0.0 

Upper Mississippi 63.7) —1.5 3.18) —0,5 5.0 
Valley 
Minneapolis... 918) 102 29. 02, 30. 59.0} —2.4) 95) 3) 32| 18) 51 3.57) +0.4) 12 s. 31| s. 23; 8 14] 6.2) 0.0) 0.0 
837, 236, 29.11) 30.02} +.03| 58.4) —2.9) 2) 67| 32) 18) 50 3.36} +0.3 se. | 35] sw 3| 7, 10 13| 6.3) 0.0) 0.0 
La Creme: 714) 11) 48) 29.27, 30.04) +. 03} 61.2) —1.0, 96| 2) 72| 32) 18) 50 4.33) +0.3] 10) s. 14] s. 15) 11, 11] 8| 4.9) 0.0) 0.0 
974) 70 78| 29.03) 30.07] +.04) 60.6) —1.8| 2! 70) 37! 18) 52 3.17] —0.6 8. 22) s 15} 11| 13) 0.0) 0.0 
1,247, 4 64| 28.72| 30. 58.6]... | 95) 3] 70) 31| 18) 48 2,24) —1.5 221 sw. | 4: 10, 13' 7| 5.0 0.0 
Charles 1,015, 10 51) 28.97) 30.05] +. 05] 60.4) —0.6) 93) 71| 29) 18) 50 3.96) +0.3] 10 se. 22) sw 2} 14) 8| 4.2) 0.0 
606, 71 79) 29.38) 30.04] +.01| 64.6) —1.0) 92) 2| 74) 35) 18) 55 3.13} —0.4} 11 30) s. 4) 11, 7) 5.2) 0.0) 0.0 
Des 861) 84 97) 29. 12) ’ - 00} 63.8) —1.8) 92) 2) 74) 37) 18) 54 4.67) +1.0| 9 s. 25| sw. 15} 12) 10) 5.1) 0.0) 0.0 
700, 81, 96) 29.30) 30. +. 02) 62.6) —1.4) 91) 2) 72 35) 18) 53 1.55) —2.5| 7 s. 20) s. 15 13| 6, 11) 5.0) 0.0) 0.0 
614) 64 29.38) 30.05] +. 02) 65.4) —2.1/ 92) 2) 75] 42) 18] 56 4.77; +0.9} 10 s. 27| sw 4} 12, 10, 8! 5.0} 0.0) 0.0 
87, 29.66) 30.03} —. 02) 70.0} —1.5| 89] 1] 78] 48) 19] 62 5.44, +2.6| 11] 4 ne. | 28) n. 29} 10, 11| 0.0) 0.0 

609, 11 45} 29.41) 30.07] +.03| 65.2} +0.9| 2| 76| 35| 18] 55 1.04) —3.0 S. 17\ sw 15, 8 4.2) 0.0) 0.0 
Springfield, 636, 154 191) 29.38) 30.05| .00| 65.4) —2.2| 92| 75] 38) 18] 56 1.65} —2.0 s. 30 n. 12) 7| 11) 4.9) 0.0) 0.0 
534! 74) 109| 29. 48) 30.05) +.02| 66.4) —1.3) 94) 2| 76| 43) 18) 57 3.18] —0.8 s. sw 9 9) 4.9) 0.0] 0.0 
568) 265 303) 29.44) 30.04) 68.7) —1.4) 92) 2) 77) 46) 19) 60 1.71; —1.8). 11 s. 32| n. 29] 12) 9| 4.6) 0.0) 0.0 

Missouri Valley | | 63,3] —2.7 2.31) —0.8 5.3 

29. 30. 03} 00| 66.9} —1.3) 96) 2) 76) 44) 18 3.06) —1.3 4,021) se. 27| sw. 13) 7| 10; 4.9) 0.0) 0.0 

28. 98) 30.01) —.01| 67.8] —1.1) 93) 2| 77| 45) 18 1.55} —3.0| 5,723] s. 22) nw. | 7| 4.8] 0.0) 0.0 

28. 98) 30.01 66. 94| 2| 77| 43| 18 1.94) —1.9| 10, 4,642) se. | 22) nw. | 13] 9) 13) 8 4.9) 0.0) 0.0 

28. 64) 30. 04 68.5| —0.4) 89) 2) 50) 10 2. 37| —1.2 5,503} se. | 24) se. 19} 16, 7) 7| 3.9) 0.0) 0.0 

28. 97) 30. 00 1 68.9} —0.9| 94) 2) 81| 43] 10 1.86) —3.1] 3,266) s. 16) s. 15| 13| 7| 10) 0.0} 0.0 

67.6| —1.1| 94, 2) 78] 46) 10 1.49) —2.3 5, s. 36. se. 19} 12) 11) 7| 4.8) 0.0} 0.0 

| 28.75) 30.00) +. 01) 64.6) —1.8) 98] 2) 75| 42) 18 1.82) —1.2 6, 489) s. 24) n. 5.6} 0.0) 0.0 

28.84) 30.02) +. 02) 63.6] —3.2) 95] 2) 73) 41) 18 2.05) —1.2| 13) 4,969] s. 26} nw. | 6| 7| 0.0) 0.0 

27. 32) 30.02] +.06| 56.6| —5.9| 98) 2) 67/ 24] 6 2.10) +0.8) 16| 5,206) n. 34) s. 22} 8| 9| 13] 6.0) T. | 0.0 

| 28.81) 30.02) +. 04) 60.6) —2.8) 96) 2) 70) 34) 18 3. 18) +0.2} 10) 7,765) se. 39) s. 23] 6) 12) 12) 6.0} 0.0) 0.0 

28. 63) 30.04) +. 08) 57.1] —4. 2/104) 2! 67| 30) 18 2.79| +1.2} 5,865) se. | s. 2} 6| 10) 0.0) 0.0 

1, 233) 57 30. 00} +. 02) 59.8] —4.2| 99) 2) 70) 35) 18 4.57) +1.8) 11) 4,726 8. 5| 6.9] 0.0) 0.0 
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TaBLE 1.—Climatological data for weather bureau stations, September, 1929—-Continued 
Blevation of al 
Pressure Temperature of the air | Precipitation Wind 
> sq = & Il? 
Ft. | Ft.| Ft.| In. | In. | In. |\° F.| °F. % | In. | In. Miles} 0-10 In. | In. 
Northern Slope 53.0) —4.4 65, 1.54, +0.3 3) 
2,505] 11 97. 40| 30.04] +. 10] 52.4) —4.0| 83! 1) 66| 24) 6| 39] 44) 44! 36) 61 1.46/ +0.2) 3,456) sw. | 32 n. 14/11, 11) 5.0) 0.0: 0.0 
4,110} 87| 112! 25.84) 30.04] +.07| 50.7; —5.9| 82) 62) 30) 7| 40} 37| 42) 34 1.57, +0.3| 4,486) sw. | 34) nw. | 14/12 11/ 5.1) T. | 0.0 
Kalispell_......------- 2,973| 48] 26.96] 30.00] +.04| 51.6] —1.9] 82 64) 28) 29) 39) 41) 42) 33, 57) 0.51, —0.7| 6) 3,482) nw. | 27) ne. 4} 12 4.4) 0.0) 0.0 
Miles 2,371| 48| 55| 27. 50| 30.05) +.10| 55.4, —5.8/100, 1/| 66| 7| 44) 46) 38, 62) 1.86) +0.8| 3,211) nw. | nw. | 21/13, 6) 11/ 5.3) 0.0 0.0 
Rapid City_....--..-- 3,259] 50| 58| 26.65] 30.06| +. 10 54.2} —6.2| 99 64| 34) 44) 42) 47) 40 66) 1.80 +0.6) 11) 4,467| n. 30) n. 14| 11) 7 12| 5.7| T. | 0.0 
6,088) 84) 101| 24.05) 29.97] +.01| 53.0} —4.0| 89 1) 64) 28) 9} 42) 41) 45) 39 69) 1.81/ +0.6) 13) 6,264) w. 41| w. 23| 10 5.5) 0.8 0.0 
5, 372| 60} 68| 24. 67| 30.00] +. 04) 53.6| —2.1/ 90, 1) 66| 31} 41) 45, 39) 68) 1.82 +0.9) 11| 2,753, sw. | 34 sw. | 23) 11) 11) 84.9) 4.0 0.0 
-|3, 790, 10) 47| 26.13} 94, 66| 28| 54} 45| 39) 68) 1.15; —0.1] 13] 2,509) nw. | 25, sw. | 12 8] 10| 5.9} 0.0) 0.0 
Yellowstone Park-....|6,241| 11] 48) 23.92} 30.02) +. 05| 46.8, —6.6| 79| 1) 59) 8) 39) 38) 31) 64) 1.17) 11) 4,192 sw. | 28 nw. | 15, 8 11) 11) 5.6 4.5, 0.0 
North 2,821; 11] 27.09) 29.99] +. 02) 59.2) —2.9] 96; 1] 70) 36] 10] 48) 39) 46, 72 vies +0.9| 10) 4,572| ne. | n. 15) 9| 11/ 10| 5.6, 0.0 
Middle Slope 66,2, —1.8 64) 2,02, —0.2 4.2 
5, 292| 106| 113| 24. 76] 29.96, 58.8} 93; 1] 70] 34) 6| 48; 35) 49) 43) 63) 1.34) 40.4) 8) 4,241) n. 22}nw. | 5/11/11) 8 46) T. | 0.0 
4,685] 80 25. 27| 29.89} —.07| 63.8| —0.8| 92} 77| 49) 16] 40) 51; 43) 57| 0.51) —0.2} 8) 3,775) e. 32 w. 13, 11) 6) 4.2, 0.0) 0.0 
1, 392] 50) 58] 28.55] 30.01; +. 02] 65.8} —2.5| 96} 2| 76] 45| 5] 55| 34] 56) 51| 2.96) +0.4) 13) 5,079) s. 26 s. 19| 10 5.2) 0.0) 0.0 
Dodge City......----- 2,509| 11] 51) 27.42) 29.99) +.01| 66.8| —2.6)/100| 1) 79) 44| 10) 54| 38) 56) 50) 65) 2.61) +0.7| 7 6,481| s. | se. 3} 19, 5) 3.1) 0.0) 0.0 
1, 358] 139] 158} 28. 56] 29.97| —.03) 69.6] —1.0] 94) 2) 80] 47| 10) 59 30] 59) 53) 65, 0.98) —2.1) 7,671) s. 36) sw. | 15 14 10 6) 4.4) 0.0) 0.0 
Broken Arrow -.------ 11| 56| 29.18] 30.00|-_---- 95| 1} 82] 10) 61} 29)----|----|--.-| 3.07] —0.5| 6,441) s. 26) n. 29| 15; 5| 10) 4.2} 0.0) 0.0 
Oklahoma City----.-- 1,214] 10) 47] 28.72} 29.97, —.02| 72.7) —0.1| 1{ 83] 59] 10] 62; 63, 59) 70; 2.69) —0.4) 7 5,507) s. 20) nw. | 17| 3) 10; 3.9 0.0) 0.0 
Southern Slope 73.7| +0.2 62; 2,05) —0.4 | 3.9 
1,738} 52} 28.17] 29.95) —.01| 75.6| +0.3/ 97} 4) 86) 55| 10 29} 63) 57| 4.37| +1.7| 6) 5,231) se. | 23 s. 83.9) 0.01 0.0 
3, 676} 10| 49| 26.29) 20.96} .00| 68.2} —1.1| 93) 3) 80 47/ 11) 57) 31) 58) 52) 66, 1.97) —0.3) 10) 6,020, s. | 22 n. 9 15) 8 4.6 0.0] 0.0 
944| 64} 71) 28.91] 29.88) —.06| 80.2} +1.0| 4) 90) g4| 21] 71) 25 69, 63) 62) 1.47; —1.5| 8| 5,366) se. | 22 se. 7| 3.7] 0.0) 0.0 
3, 566| 75} 85| 26. 36| 29.90] —.02) 70.9| +0.6) 93) 2) 84) 10) 58; 35| 59) 51] 58) 0.42) —1.7/ 4 4,323) s. | 32 ne. | 15 10, 3) 3.4) 0.0) 0.0 
Southern Plateau 72,3} +1.5 54) 1,42) +0.6 | 2.7 
778] 152} 175| 26.15] 29.84) —.04| 76.6] +2. 7] 93] 2) 87| 11| 66) 29) 60} 50) 45) 0.12} —1.1| 3! 6,225) e 33} w. | 21/20 7) 4/ 3.2) 0.0 
7,013] 38 23. 20.89} —.04| 60.6| —0.3| 83] 72} 43/ 14) 49, 32) 43| 62) 5.15) +3.7} 3,465) se. | nw. | 15) 11) 15, 4) 3.9) 0.0) 0.0 
59) 23.39) 29.83] —.06| 58.8] +3.3) 83) 15] 71| 13] 46) 42} 61| 0.74/-...-. sw. |....| sw. | 22) 7) 17| 6|....| 0.0} 0.0 
1,108} 107] 28.62] 29.74) —.07| 84.0] +1.3|107| 14/ 97] @5| 8| 71| 57| 0.19) —0.6| 3,166) se. | 20 se. | 17| 20 8 2/24 0.0) 0.0 
141 29. 59| 29. 72) —. 06} 84.0} +0.3/111| 14} 98] 23) 70} 42] 69) 60} 53) 1.47; +1.1) 3) 2,351] sw. | 25) ne. | 2) 25) 3) 2) 1.4) 0.0) 0.0 
Independence... -.---- 3,957| 27| 25.90} 29.86) 69.8} +1.8| 99 1) 23] 52) 49) 0.19) 40.1) ----| 26} 0} 0.0] 0.0 
Middle Plateau 60.9) —1.0 43) 1,04) +0.4 2.6 
4,532) 74) 25.42| 29.86) —.09| 61.2) +1.5| 96] 17| 79] 31| 27) 43, 49) 45) 31) 37) 0.03] —0.2) 3,872) w. 24s 20| 24) 6) 0/ 1.2) 0.0) 0.0 
Winnemucca 4,344) 18| 56| 25.59] 29.94! +.01| 57.0) —2.2) 97| 17| 77| 28| 37| 55| 42) 27] 36) 0.06) —0.4) 1) 3,619| ne. | 19, nw. | 20) 27; 3) 01.4) 0.0) 0.0 
Modena... .- 5,473] 10| 43] 24.59] 29.85] —.07| 60.0} 88! 14) 76] 39| 29| 44) 47) 47) 34) 46) 0.49) —0.3| 6,455) sw. | 36 sw. | 27| 17 10) 2.8 0.0) 0.0 
Salt Lake City_- 4, 360| 203| 25. 58] 29.90] —.05| 61.8| —2.6| 88| 18] 72} 9| 52) 51) 44) 54) 2.45) +1.5) 8) 4,580) nw. | 30) w. 3| 5| 8| 3.9) 0.0] 0.0 
Grand Junction ---..-- 4, 60} 68} 25.36] 29.90} —.05) 64.7; —1.5| 87| 1) 76| 9) 53) 34) 52 43) 5%) 2.16) +1.2) 13) 4,204) se 26| s 22| 10} 3.6) 0.0) 0.0 
Northern Plateau 58.4) —2,2 46} 0.48; —0.4 3.8 
3,471| 48] 26. 46] 30.04) +.05) 53.3} —2.7| 90) 17| 68) 29] 38} 46) 42, 30) 0.28) —0.5| 2) 3,334) se. nw. | 9| 3.5) 0.0) 0.0 
2,739] 78} 86) 27.14| 29.98] +. 01] 58.8} —3.1| 94| 17| 72] 34) 46) 41) 47; 35) 46) 0.26) —0.3) 4) 2,735) w. 18) w. 2} 19) 9} 2.5) 0.0) 0.0 
757| 40} 48] 29.19] 30.00] +. 02! 61.2} —1.6| 96] 13) 75] 30) 47) 0.39] —0.6) 4) 1,642) e. 17} nw. | 1) 5} 16) 46) 0.0) 0.0 
Pocatello.........----- 4,477| 60| 68] 25.46] 29.94) —. 02] 56.6] —3.6| 88| 17| 70} 30| 44) 37| 44) 32) 45) 1.21) 40.4) 4,006) se. | 27| sw. 14) 9 | 0.0 
1, 929] 101] 110| 27.98] 30.02] +. 04) 57.8] —1.4| 90} 13] 71) 32) 30) 45) 38] 47) 36) 0.20) —0.6) 5) 2,855) s. 18| n 9| 10| 13} 7| 0.0) 0.0 
Walla Walla. 57! 65] 28.93] 29.99} —.01| 63.0] —0.8| 93] 13], 75] 40| 29] 51] 33] 50) 36) 43) 0.47) —0.5| 2,429) s. w 20| 17; 6| 0.0) 0.0 
North Pacific Coast 
egion 60.0) +1.8 65, 0.17; —2.0) 3.4 
North Head. 11) 29.81] 30.03 58.6] +2. 83] 16] 64} 49| 26] 53] 30) 55) 52} 82) 0.45] —2.5] 6,704] n 30) n. 20) 17) 7| 7| 0.0] 0.0 
Port Angeles. 20; 8} 30. 80| 66| 37) 24) 47) 0.18] —1.3]} 3} 2,649] sw. | 19) w. 17| 10} 0.0] 0.0 
125] 215| 250} 29.88} 30.02} +. 01} 60.8} +2.7} 81| 13] 70} 43] 27) 52) 27| 54 66} 0.09} —1.7| 3, 128) n. 17} ne. | 20) 2} 2.9) 0.0) 6.0 
194] 172} 201) 29.82| 3¢502| 60.0) +2.7| 81| 10) 70| 41| 27) 50 0.08} —2.0| 2} 3,770} n. 23) n. 25, 15) 8| 4.5) 0.0] 0.0 
Tatoosh Island_......- 86} 53) 29.93] 30.03] +.02| §4.6| +1.6) 13| 60) 28 49, 21) 52 50) 88} 0.07) —4.6| 4) 6,180) ne. | 41) ne. | 16 12) 4.8) 0.0) 0.0 
1,076| 58} 67) 28.86] 30. 01)..---- 92| 14) 75] 35) 21) 48) 50: 39) 48! 0.17| 2 3,035] nw. | 22) nw. | 20 18 3.5! 0.0) 0.0 
80) 28.44) 20. 99| 16| 82! 31| 41) T. |_..... se. 15| n. 4{ 6| 0.0) 0.0 
Portland, 153| 68! 106| 29. 84] 30.00} —.03) 64.8] +3.1| 87| 16) 76| 45| 27| 54) 31| 55| 59, 0.31] —1.7| 3) 3,165| nw. | 18) ne. | 29) 16, 9 3.2) 0.0) 0.0 
Roseburg. 510} 75| 99| 29.42] 29.97, —.05| 61.4) —1.5| 13] 77] 35| 46) 43) 51) 56, 0.03} —1.2) 1) 1,883\ n. +17) n. 2| 17) 10} 2.8) 0.0) 0.0 
Middle Pacific Coast | 
Region 65.3) +0.5 62; T. | —0.6 | 2.4 
62| 89] 29.90] 29.97) —. 04) 55.6| —0.3/ 72] 11) 61) 44) 30) 50) 53| 52) 0.00) —1.0) 0 3,264/ n. 23; nw. | 11} 7} 12) 0.0) 0.0 
5} 29. 48| 29.82) —. 11| 73.9] +0.8/107| 15| 90! 46| 30, 58| 43) 54) 36) 30) 0.00| —0.8| 0 3,119 nw. | 18) n. 21| 26} 4} 0) 1.0) 0.0] 0.0 
Sacramento._.......-- 69! 106| 117| 29.75] 29.82) —.07| 70.4] +1. 1/102) 15] 86) 47| 27| 55| 47} 52) 0.00) —0.4) 0) 4,064) s. 21; sw. | 18] 29) 1) 0) 0.3) 0.0) 0.0 
San Francisco... 155| 208} 243| 29.71) 29.88] —. 06] 61.4] +0.5] 79) 14] 68] 51| 20, 55) 25) 53} 79 T. | —0.4) 0) 4,165, w. 24) w. 9] 17; 8} 5|3.6| 0.0) 0.0 
141} 12] 110| 29.73] 29. 65.2| +0. 5} 93) 14) 79} 49] 25) 51) 0.00} —0.4} 3,495) nw. | 24] sw. | 18] 24) 6| 1.8) 0.0) 0.0 
South Pacific Coast 0.20 +01) 4.6 
on 70.9) +1.1 64 | 
327| 89) 98)....-- 29.82) —.05| 74.4] +1.0/103| 16| 90] 48] 59 39} 0.01) —0.2} 3,705| nw. | 17| s. 27 1|....| 0.0) 0.0 
Los Angeles........... 338| 159] 191] 29.50] 29.86] —.02) 70.2} +1.2| 99) 17| 78) 55| 29) 62! 33] 62 72| 0.32] +0.2| 3,054| sw. | 17] se. 17} 17; 8 0.0} 0.0 
87| 29.76] 29.84) —.05| 68.2) +1.1) 95) 17] 73] 57| 30 31} 63) 60} 81| 0.26) +0.2| 3) 3,730| nw. | 26) se. 17} 12| 7| 5.2} 0.0) 0.0 
West Indies 
82] 9) 54] 29. 84) 29.92)... 79.9] —0.6| 88] 18) 85] 69) 16, 13) | -1.0 22 | | 11 20 916.11 0.0 
anama Can 
| 
Balboa Heights. ------ 118} 7| 97/129. 74/229. 83) +.01| 79.3] —0.5| 91) 4) 85) 71 74| 17|.--|..--| 288) 9.26] +1.3| 3, s ne. |° 23] 0} 7} 8.3) 0.0) 0.0 
7| 97|129. 79,229.82} —.01| 81.6] +1. 2! 92) 22] 88| 72| 16) 75} 18] 76| 75| 283) 7.90) —4.5| 19) 4,123] s n. 9 12) 18) 8.0) 0.0} 0.0 
ka | 
80} 11 130. 03/130. 12)... 66| 58} 22) 23] 50) 89%) 15) 3, 153) w 29) 13} 4) 8| 18| 7.6) 0.0} 0.0 
Hawaiian Islands 
Honolulu... .........- 38| 86 100} 29.94 129. 98 88| 9| 71) 8| 74) 16) 71| 68} 69) 1.35} +0.1| 15) 4,930 e. 22) e. 28 3| 4.1) 0.0) 0.0 
e i 
1 Pressure not reduced to mean of 24 hours, 2 Observations taken bihourly. 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, September, 1929 | 
| 
Pressure Temperature of the air Precipitation | 
Altitude | 
Stati Sea level | 
, mean on ev 
sea evel | reduced | reduced | Peper || Mean | Deper Mean | Mean 
Jan. 1, || to mean | to mean trom mean from maxi- mini- | Highest | Lowest Total from snowfall 
1919 4 normal ||min.+2| normal | mum normal 
Feet Inches Inches Inches oF. °F. °F. Inches Inches Inches 
S 296 29.77 30. 09 +0. 08 56.8 +17 64.1 49.5 80 34 3.11 —0. 56 0.0 
Bo REE SIC 187 29. 86 30. 06 +. 02 60. 5 +2.1 68.7 52.3 87 37 2. 25 —1.05 0.0 fe) 
236 || 29.82 3008| +.04 61.8) +44 73.8 49.9 97 30 218| 0.0 a 
8 OL RE RS SRE 285 29.77 30. 08 +. 04 62. 2 +2.2 69. 2 55. 2 83 36 1, 22 —1.58 0.0 (0) 
oe 379 29. 68 30. 08 +. 02 62. 2 +3. 2 71.0 53. 4 94 37 0.78 —2. 47 0.0 2 
pe SEE NA a 1, 244 28. 69 30. 01 +. 03 48.5 —1.8 59. 4 37.7 85 26 4.71 +1. 94 0.0 D 
Senthampton, Ont... .c......s0~s.-..- 656 29. 36 30. 07 +. 02 60. 4 +2.9 70. 4 50. 4 90 30 0. 94 —2.00 0.0 3 
Se ae 688 29. 38 30. 06 +. 03 59. 4 +3. 4 68. 6 50. 2 90 34 1.97 —1.70 0.0 
ONE ON SS See aS: 644 29. 32 30. 03 +. 05 52.3 +0.1 60.7 43.9 86 30 5.14 +1. 66 0.0 
Se ee ee 1, 690 28. 18 30. 01 +. 07 47.6 —2.9 59.5 35. 8 92 18 1.40 +0. 04 0.0 Z 
2,115 27.74 29. 99 +. 07 48.5 —2.6 58.1 38.9 82 28 1. 75 +0. 42 0.0 
ESS Cea 2, 392 27. 44 29. 95 +. 03 61.3 —18 64.7 37.9 92 24 1. 37 +0. 15 0.0 H 
Medicine Hat, 2,144 || 27.68} 2.93) +.01 53.6) —14 66.0 41.2 80 25 0.33 | 0.0 
3, 428 26. 46 30. 04 +. 12 48.8 61.4 36. 2 79 23 1. 02 —0. 34 0.0 fe) 
4, 521 25. 43 30. 00 +. 07 46.5 +0.7 59. 1 33.9 77 22 1, 32 —0. 35 11 & | 
1, 450 28. 42 29. 99 +. 09 49. 2 +0. 8 59.1 39. 4 77 30 1.83 +0. 55 0.0 
1, 592 28. 24 29. 97 +. 07 50. 3 —1.5 61.7 39. 0 77 28 1.07 —0.18 0.0 | 
OS SS eee ee 2, 150 27. 67 29. 96 +. 06 49.1 —0.2 60. 3 37.9 74 20 0. 34 —0. 99 0.0 | 
29. 78 30. 03 +. 02 60.1 +5.3 69. 2 51.0 82 45 0.10 —2. 06 0.0 
LATE REPORTS, AUGUST, 1929 | 
| 
20 29. 81 29. 83 —0. 08 54.0 —1.6 61.8 46.2 72 42 4.74 +1. 69 0.0 
760 29. 14 29. 95 +.01 68. 3 +4.9 81.9 54.7 100 37 0. 55 —2.12 0.0 
2,115 27. 74 29. 95 +. 02 65. 1 +3. 6 80. 4 49.8 93 36 0. 23 —1.41 0.0 
2, 392 27. 43 29. 89 —.04 68. 2 +4. 2 86. 4 50. 1 100 35 0. 48 —1.43 0.0 q 
5 ee eee ree 2, 144 27. 63 29. 83 —.09 72.8 +7.1 87.9 57.8 100 45 0. 21 —1.46 0.0 “t 
Calgary, Alb_. a 3, 428 26. 43 29. 93 +. 02 63. 2 +3.8 79.7 46.7 93 34 0. 67 —1.47 0.0 fe) 
Banff, Alb_._._. id 4, 521 25. 44 29. 93 +. 02 59. 1 +2.8 75. 7 42.5 90 31 0. 82 —1.71 0.0 ~ 
EOE EE TS 1, 592 28. 20 29. 91 . 00 65.5 +2.9 81.1 49.9 94 37 0. 30 —2. 06 0.0 . 
2, 150 27. 64 29. 88 —.04 60. 2 +1.4 73.8 46.7 86 38 2. 27 +0. 14 0.0 
1, 262 28. 66 29. 92 +. 01 70. 0 +1.4 83.3 56.7 92 « 44 0. 37 —0.72 0.0 ie 
56.9 62. 6 51,2 66 48 6. 02 0.0 
3 63.3 61.5 84 46 7. 00 0.0 
151 30. 00 30. 16 +. 06 78.8 —0.8 84.5 73.1 88 69 13.60 | +7. 52 0.0 5 
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